Biofuels potential of Peru by Colmenares Montero, Gloria Maria
  
 
  
 
 
School of Geography, Planning and Environmental Management 
 
 
 
BIOFUELS POTENTIAL OF PERU 
 
 
 
A Master’s thesis submitted to the School of Geography, Planning and Environmental 
Management, The University of Queensland, in partial fulfilment of the requirements 
for the degree of Master of Environmental Management with major in Natural 
Resource Economics. 
 
 
By, Gloria Maria Colmenares Montero, BSc Civil Engineering, Pontifical Catholic 
University of Peru. 
Supervisor: Dr. Liam Wagner 
 
 
June 2013 
 
 i 
 
I declare that the work presented in this Master’s thesis is, to the best of my 
knowledge and belief, original and my own work, except as acknowledged in the text, 
and that material has not been submitted, either in whole or in part, for a degree at this 
or any other university. 
 
 
Gloria Maria Colmenares Montero 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ii 
 
Acknowledgments 
 
Thriving inside an aesthetic long-inward path to the sublimis, this is in honour to the 
deepest intrinsic moral value and the fire that it inspires. Words and orders are simply 
not enough to explain. 
 
I would like to thank Dr. Liam Wagner who gave me the opportunity, idea and time to 
develop this structure, 
 
my dear family who showed me so much about discipline and black & white abstract 
ideas to start with the holistic; and, 
 
to each different dear person that I've run into, who helped/helps/will help me to 
understand my own existence at each moment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 iii 
 
Abstract 
 
This thesis investigates the potential of biofuels in Peru for 2020 using 8 Peruvian 
natural resources available in 2012, in the search for low carbon and clean sources of 
transport energy. Long-term polices for the transport sector require detailed planning 
and evaluation of current and possible future scenarios, in order to design and 
implement effective policy tools. This research examines the effect of the introduction 
of emerging technologies in three fossil fuel scenarios (low, moderate and high), 
combined with three proposed biofuel policies, in the search for supply-demand 
optimisation for the transport sector in 2020. The results show that biofuel policies 
would not be efficient or sustainable with current technologies, and further promotion 
of investments in pilots for second and third generation biofuels would be required to 
find unrestrained substitutes for diesel and gasoline fuels. These pilots could provide 
an opportunity platform and beneficial strategy for business and R&D cooperation 
between developing and developed countries, for all parties. Finally, it is proposed that 
a combination of electric hybrid cars with 2nd and 3rd generation biofuels would be an 
optimal scenario for long-term transport energy management in 2020-2035. 
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CHAPTER 1: INTRODUCTION 
 
Peru is one of the 10 most vulnerable countries to the potential impact of climate 
change due its variety of microclimates; 27 of the 32 existing climates worldwide 
(SENAHMI, 2009). Moreover, it has been projected a mean temperature rise of 0.5°C 
– 1.2°C (+0.2°C recorded on average per decade sinc e 1960) by 2020. In addition, it 
is expected that precipitation will decrease by 10 – 20% on the coast and highlands by 
2020 while increasing by 20% in the jungles, based on historical records. Quantified 
climate and non-climate related costs associated with natural disasters; such as 
flooding and mudflows, were approximately USD 325 million between 2000 and 2004 
(USAID, 2011). Local effects of climate change, reaffirm the need and urgency for 
practical effective policy planning and a more conscious use of natural resources 
(Stern, 2007). In addition, from 1995 to 2009, the demand of energy doubled 
compared to the previous 15 years (1980 – 1994), while energy supply has been 
struggling to cope with the pace of demand. However, these factors also create 
favourable conditions for investment in new technologies for domestic energy 
production and exports, after examining different scenario cases applied to levelised 
costs and risk analysis, in order to investigate the possibilities for win-win outcomes 
while increasing local adaptation and resilience to social, environmental and economic 
impacts. 
 Currently there are more known and cost-effective alternatives to substitute fossil 
fuels to produce electricity. However, much research needs to be carried out to 
provide alternative cost effective solutions to replace liquid fuels derived from fossils.  
First, in regard to energy demand for electricity, Peru’s energy policy 2010-2040 
(approved in 2010), is aligned with the 2030 International Panel on Climate Change 
(IPCC)’s 450ppm GHG emissions target scenario case. Following the foundations of 
the Precautionary principle and the likelihood of a heuristic logic behind it (Grant and 
Quigguin, 2013), combined with a predominant neoclassical economic philosophy, 
energy efficiency and a diversified energy matrix with attention to renewable resources 
is the core objective. In practice, 26 projects have been allocated between solar, wind, 
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biomass and small hydroelectric power stations to generate power and obtain 
429.4MW by 2020, in order to meet projected electricity demand (MEM, 2011b).  
On the other hand, since 2009 there has already been a start to the use of energy 
alternatives to provide cleaner sources for liquid fuels for transport use; this start has 
been based on the introduction of first generation biofuels2 derived from oil palm and 
sugarcane, for the production of biodiesel and gasohol (7.8%), respectively. However, 
biofuels derived from sugarcane (ethanol) are not efficient substitutes for gasoline to 
produce a real impact on GHG emissions reduction, due to the blendwall effect of the 
quantity that can be used to replace gasoline and the indirect land emissions that 
could reduce to zero the potential benefits of the direct emission from the burning of 
these biofuels. Finally, there is a need for quantified analysis of optimal portfolio 
investment to meet current and future transport energy demands, which is the 
objective of this thesis. 
1.1. Research Scope and Objectives 
 
This study intends to provide current and optimal cost-effective alternatives to decision 
makers, investors and policy makers, and to reveal the risks and opportunities of 
implementing renewable liquid fuels, to meet transport energy demand in 2020. This 
analysis is based on the levelised costs theory on a Peruvian resource assessment for 
the production of biofuels, to meet the transport energy forecasts inferred for 2020. 
The analysis uses the supply-demand jointly approach for the optimization of the use 
of natural resources, minimizing costs while maximizing sustainable yields and 
revenues. 
 
1.2. Structure of the study 
 
This thesis is divided into 6 chapters. Chapter 1 provides the introduction to the 
research topic. Chapter 2 analyses the historical economic situation of Peru since 
1960, to provide a sensitive understanding of the energy consumption drivers with 
particular reference to overall energy balances (OEBs) and the Environmental Input-
Output (EIO) Leontief analysis. It also uses econometric tools in an attempt to find the 
relationships to, and causal parameters of, the transport energy demand, as a basis 
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1for forecasting consumption demand to 2020. Chapter 3 provides an assessment of 
natural resources for 8 Peruvian types of biomass, available for biodiesel and 
biogasoline domestic production. In addition, it provides the unit costs for each 
emerging technology. Chapter 4 outlines the levelised costs for the production of 
biofuels (LCOB) in 2020, as the basis for estimating the supply costs of each 
technology in 2020. Chapter 5 explains the results for the supply-demand optimisation 
of biofuel consumption with the introduction of the fossil fuel price scenario cases (low, 
moderate and high) in combination with three possible scenarios of biofuel policies for 
2020. Finally, Chapter 6 summarises the results, conclusions and provides 
recommendations for future planning. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               
1
 http://www.minem.gob.pe/descripcion.php?idSector=12&idTitular=4282, viewed 25 August, 2012. 
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CHAPTER 2: PERUVIAN ENERGY SYSTEM AND STATISTICS 
 
In this chapter we will review historic data on Peruvian energy consumption from 1980 
to 2009 while also examining recent events relating to the objectives of this study. We 
try to develop a pattern for energy consumption, with special attention to transport 
energy and liquid fuels. We will continue with an analysis of the economic sectors and 
their energy intensity, to provide predictions of the energy requirement for Peruvian 
transport in 2020. It will be useful to have in mind that on average, a regular car driving 
50Km at 110Km/h, expends 0.3GJ with an efficiency of 20-25% / 40-50%, while for 
gasoline/diesel engines, only 0.075 / 0.15 GJ is actually used (MacKay, 2008). Also, 
we use Petajoules as the measure of energy, which is equivalent to 106 GJ and 1015 
joules. For comparison purposes, the human body emits 0.001GJ daily with and 
efficiency of 40%; thus, only 40% out of what we eat is converted into useful energy 
and the remainder used or wasted as heat, depending on the analysing perspective. 
Lastly, 1 Joule (Kg.m2/s2) is the work done to move 1 apple over a distance of 1m 
(Lewin, 2012). 
2.1. World and Latin America – a general review  
 
Within the global economic context, Peru has maintained an average annual GDP 
growth of 5% from 1994 to 2010. Figure 2.1 shows Peru’s regional and global position: 
1st in South America, half the annual GDP growth of China, and above 78% with 
respect to the average world GDP. Peru is classified as a developing country with an 
upper middle income. For 2009-10 Peru was recorded as being in the 4th position in 
South America due to its open economic policy that has lead to an increase in Trade 
(51% of GDP) and net inflows due to private direct investment (19 % of GDP) in 2011 
(WB, 2013b).  
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Figure 2.1. % GDP growth average from 1994 to 2009. Data source: WB, 2013. Without considering 2008 Global financial crisis, 
the ranking remains the same with exception of Bolivia and Argentina, which swap places. 
 
In addition, the past 15 years Peru has signed 15 Free Trade Agreements (FTAs), the 
most recent and largest (US$8.4 million)  being in 2012 with the European Union (EU), 
with a future prospect for similar agreements with the Arab World (MEF, 2012). By 
2009, Spain and the UK were the principal international investors in Peru, with shares 
of 23% and 21%; respectively, of total foreign investments. The most relevant private 
investments in 2004-09 were allocated in the mining sector (21%), followed by 
telecommunications (19%), financial services (15%), industry (15%), and energy 
sectors (14%) (MEF, 2009). In 2012, Peru was ranked 43rd by the World Bank “Doing 
Business” economy profile, the second country in Latin America with a good business 
environment for small-medium size enterprises (WB, 2013a). However, tax revenues 
accounted for 18% of the total GDP in 2008, and were still low when compared with 
average for the OECD countries of 35% of GDP.  
With regards to energy; as it is a derived demand, the two main purposes of energy 
are the generation of electricity and for transportation. It is expected that, in order for 
lower income economies to follow the path towards becoming higher income 
economies, a switching pattern between traditional energy use (energies that don’t 
have a market price and are own-used) to commercial energy use (traded energy with 
a market price) would have to take place, showing an increasing trend per capita 
towards the latter. Figure 2.2 shows the pattern of energy use in relation to income 
level; and it stresses the idea that the higher the income of people, the more they will 
tend to pay for energy access to fuel on a regular basis  (Bhattacharyya, 2011).  
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Figure 2.2. Energy ladder and use, pattern from developing to developed conditions (Bhattacharyya, 2011 sourced from WEO 
2002). 
 
Figure 2.3 depicts Peru’s position inside the 2010 world energy path, which measures 
GDP per capita against energy intensity (GJ per capita). From 1994 to 2010 Peru 
consumed on average 20 GJ of energy per person, the equivalent of the consumption 
of 3.3 barrels of oil per year (bbl), per person. In 2010, Peru consumed the equivalent 
of 4.6 bbl/capita, while Latin America & Caribbean was 9.2 bbl/capita (25% below the 
World average and that of China, and 70% of OECD countries). There is evidence that 
high levels of energy consumption play an important role in economic growth and 
therefore is a requirement to reach to higher income level economies, being as one 
result of that, the substitution of labour and force for energy (Stern and Kander, 2012). 
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Figure 2.3. Energy consumption path to high income level economies (developed economies) in 2010. *Latest data available: 
2007. 
 In 2011, 87% of the world energy demand was derived from fossil fuels, out of which 
crude oil was the most important source, accounting 33% of the total share, the lowest 
share on record (BP, 2012a). For the purposes of this analysis, we will examine the 
incidence of energy demand and consumption in the transport sector. In 2010, global 
transport energy demand was composed as follows: 92.6% crude oil, 3.8% gas, 2.5% 
biofuels 1.0% electricity and 0.1% others (IEA, 2012). Figure 2.4 shows a comparison 
of the global Total Final Consumption (TFC) of energy in 2009. The global transport 
sector accounted for 32% on average of the TFC of energy in 2009. Notable 
exceptions to the global average pertained to China (11%) and Ecuador (51%). It is 
clear that the transport sector is one of the most important energy intensive sectors, 
and one that relies heavily worldwide on crude oil products; in fact, the transport sector 
accounts for over 50% of global oil consumption (IEA, 2012). Peru follows the same 
pattern with a share of 89% of oil consumption being accounted by the transport 
sector in 2009. However, in 2009 investment in the transport sector accounted only 
0.1% of total GDP, while in 2010 it accounted for 15% of total investment in the energy 
industry (WB, 2013b). 
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Figure 2.4. Total final consumption of energy with attention to transport sector in Mtoe (Million tonnes of oil equivalent). Although 
Chile is part of the OECD countries, it has been considered also inside South America, the same for Mexico which is part of the 
Latin America & Caribbean group. 
 
Global CO2 emissions derived from energy consumption are depicted in Figure 2.5. 
The Latin America & Caribbean emissions accounted for 31% of the total world 
emissions, of which 3% was the Peruvian share The global transport sector accounted 
17% of the total CO2 emissions worldwide in 2009 (WB, 2013b) However its share had 
increased to 27% in 2011 (IEA, 2012). 
 
 
Figure 2.5. Total CO2 emissions by reference countries 
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2.2. Historical data of economic and energy indicators in Peru 
 
A brief analysis of the Peruvian economy shows that between 1980 and 1994 
economic initiatives were mainly focused on stabilizing price volatility and resolving 
social conflicts due to terrorism activity, through the use of structural macroeconomic 
reforms. In contrast, the last 15 years have been characterised for the increase of 
private and foreign investments since 1994, partly reflecting the relatively recent 
introduction of microeconomic reforms which have contributed to improved economic 
stability in the country. As a result, the bureaucracy has been moderately reduced as a 
part of a process to promote more fluid and dynamic processes (see Figure 2.6). The 
improved economic stability was confirmed by the rapid reaction of Peruvian economy 
in 2010 after the 2008 global financial crisis, and 2009 recession, when its annual 
GDP growth went from 9.8% to 0.8% and back again to 8.9% (see Figure 2.7) (WB, 
2011). 
 
Figure 2.6. Peruvian GDP growth in US$ Billions 
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Figure 2.7. Peruvian GDP annual % growth and historic milestones 
 
TFC in Peru almost doubled from 1995 to 2010, when compared to the previous 15-
year period (see Figure 2.8). The country’s annual growth averaged –0.16% between 
1980 and 1994, in contrast to 1995-2010 when it increased at a rate of 3.4% per year. 
Out of the TFC, the transport sector energy consumption has shown the greatest 
volatility and higher annual growing, with an annual rate of 2.2% in the period from 
1980 to 1994, and 5 % in the period from 1995 to 2010 (see Figure 2.9 a and b). 
 
Figure 2.8. Total energy consumption and transport energy consumption in Mtoe. 
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Figure 2.9(a) is the % annual growth of TFC energy and Fig 2.9.(b) is the % annual growth of energy consumed by the transport 
sector. 
To evaluate the incidence of GDP growth in Peruvian total energy consumption, we 
examine historical data for years 1980 to 2010, in relation to total energy consumption, 
transport consumption, GDP, Gross National Income (GNI) and its respective ratios 
per capita. Table 2.1 shows; as initial evidence, that for the analysis of TFC is useful to 
use as an explanatory variable GDP and its ratios per capita (see chart 2.1E); 
whereas, for transport energy consumption analysis is more accurate to use GNI and 
its respective ratios per capita (see chart 2.1H) as explanatory variables because their 
correlations between annual growth (ρxy) and their generalized least squares proxies 
(R2) in each case are slightly higher. Thus, to begin with, we will assume that GNI per 
capita is a useful explanatory variable for transport energy per capita, which is in 
accordance with associations explained earlier in regard to a positive correlation 
between higher incomes per capita and an increase in swaps towards commercial 
energy consumption. However, this alone is clearly not sufficient to explain transport 
energy consumption in Peru and we will expand and continue the discussion of other 
variables in section 2.6.1. 
 
 
 
 
 
 
 
(a) (b) 
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Table 2.1 Comparison between explanatory variables for total energy consumption and transport energy consumption sxy explains 
the correlation. 
 
Total Energy consumption Transport Energy consumption 
A   B   
C   D   
E   F   
G  H    
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CO2 emissions in Peru have doubled in the last 15 years compared to the previous 15-
years, from 23 to 47 million metric tons of CO2 in 2009, following the trend of TFC of 
energy (see Figure 2.10). Equivalent CO2 emissions in 2010 are depicted in Figure 
2.11. The most intensive GHG emissions sector is the transport sector which accounts 
to 23.4%, followed closely by electricity and heat with 22.8%, both from carbon 
dioxide. We also present in Table 2.2 the global warming potential of each type of gas 
to appreciate their impact and different magnitudes. 
 
 
Figure 2.10. CO2 emissions from Total energy consumption and transport energy consumption. 
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Figure 2.11. Total Peruvian CO2 equivalent emissions in 2010. 
 
 
 
Table 2.2. 100 Year  Global Warming Potential (GWP) for selected GHG. IPCC, 2007. 
 
GHG GWP Lifetime (years) 
CO2 (Carbon Dioxide) 1 Variable 
CH4 (Methane) 21 12.2 
N2O ( Nitrous oxide) 206 120 
HFC ( Hydrofluorocarbons) 140 – 11,700 1.5 - 264 
PFC (Perfluorocarbons) 6,500 – 9,200 32,000 – 50,000 
SF6 ( Sulphur hexafluoride) 23,000 3,200 
 
 
2.3. Brief Analysis of Overall Energy Balances 
 
In order to obtain a detailed overview of energy uses for Peru, we have reconstructed 
Overall Energy Balances (OEBs) from years 1995 to 2009 (the latest available data) 
using Excel spreadsheet tables and E! Sankey energy flow diagrams. To do so, we 
compared energy data from different sources: The British Petroleum (BP), the Energy 
Information Administration U.S. (EIA), the International Energy Agency (IEA), and the 
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Peruvian Ministry of Energy and Mines (MEM). OEB tables and flow charts can be 
found in the appendix.  
2.3.1. Considerations and limitations 
 
To construct and match the data, we have used the sources as follow: 
Petroleum: crude oil (including lease condensate products) and NGPLs: 
• Production from EIA, imports and transfers from Peru. 
• Data from exports, stock change, transformation and refineries from IEA  
• Demand was compared with consumption in BP reports. 
Coal: Bituminous and Anthracite: 
• Production of bituminous coal, imports, stock change, transformation and 
consumption from IEA. Anthracite production from EIA. 
Natural gas and LNG: from IEA 
Firewood, Baggasse, Dung and Yareta, Solar: from MEM 
Wind: from IEA and EIA 
Hydroelectricity: consumption from IEA 
For secondary energy: Supply and conversion from IEA except for DB2 (MEM). LPG 
consumption in the industry sector from IEA, motor gasoline from EIA, aviation 
gasoline, jet fuel and other kerosene from IEA, diesel oil from IEA, distributed gas from 
MEM. The other sources for secondary energy such as, electricity, fuel oil, charcoal, 
gas refineries, coke, coking coal, and industrial gas were sourced from IEA. 
Although roughly 30% of the energy data was in conflict, we compared in each case 
from at minimum two sources before choosing the most reliable data to presenting it in 
Terajoules (1012 joules) units in order to illustrate and appropriately compare each 
energy source. 
The calorific values used in the analysis were taken from the British Petroleum (BP, 
2012a), while also the following  unit conversion webpage from the IEA was used: 
http://www.iea.org/interenerstat_v2/converter.asp. 
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2.3.2. Energy Overview 
 
2.3.2.1 Total primary energy production and consumption  
 
In 2004, total primary energy production (TPEP) recovered from a declining trend, to 
423.6 PJ,  (still 9% less than in 1994) reflecting the start of the Camisea project 
operations (Gonzales Palomino and Nebra, 2012). However, slow construction of  gas 
pipelines for gas distribution, combined with a lack of resource extraction planning, 
resulted in a 2 year period (2006-08) of declining annual growth rates in TPEP (see 
Figures 2.12 and 2.13). 
 
Figure 2.12. Total primary energy production (PJ) Figure 2.13. Total primary energy production (% share) 
 
In 2009, the highest share of production accrued to both, gas (including LNG) and 
crude oil with roughly 37% each of the total (781.3 PJ); they were followed by 
renewables and hydroelectricity with 14% and 9%, respectively (see Figures 2.14 
and 2.15). This contrasts significantly with year 1985, when TPEP and was 641.3 PJ 
derived mostly from crude oil (63%) and firewood (20%). 
 
Figure 2.14. TPEP by source (PJ) Figure 2.15. TPEP by source (% share) 
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Renewable primary energy production includes: hydroelectricity and solids fuels 
such as firewood, bagasse, dung and yareta. Biodiesel 100 production started in 
2009 with 0.19% of the total share. More detail about production and consumption of 
renewable energy is given in Section 2.3.5.  
 
Currently, the overall energy balance does not make a distinction to identify primary 
energy production between sectors in the economy, and more specifically to the 
scope of this study, total energy production for transport cannot be properly 
identified. 
 
In Figures 2.16 and 2.17 we illustrate the total primary energy consumption (TPEC) 
of fuels in Peru, including the energy lost or used in the conversion process. 
Consumption of crude oil has dominated the total fuel share since 1985 when it 
accounted for 61% of the total. In the period of 1997-98 it reached its maximum with 
66%. However, since 2005 the share of crude oil has declined annually by 1% on 
average. In 2009, the share of crude oil was 44% of TPEC, followed by gas (32%) 
and renewables (12%). The reduction in the crude oil share has been replaced by 
gas since 2004. 
 
 
 
Figure 2.16. Total energy consumption by primary source 
(PJ) 
 
Figure 2.17. Total energy consumption by primary source 
(%share)
 
Gas production and consumption has increased rapidly since 2004, with an uneven 
annual growth fluctuating from 11% to 105% and -3% to 171% respectively. This 
shows an overall lack of planning for a sustainable exploitation and regulation of the 
natural resource. The maximum annual growth of total gas production and 
consumption was reached in 2005, the first year of the Camisea project operations. 
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2.3.2.2 Final energy consumption (FEC) 
 
Another way of analysing total energy consumption; is by measuring the energy 
content of both primary and secondary energy that reaches end users. Figures 2.18 
and 2.19 illustrate the total share in PJ and percentile variation.  
 
 
Figure 2.18. Final energy consumption by primary source (PJ) 
 
 
Figure 2.19. Final energy consumption by primary source 
(%share)
 
If we compare TPEC vs. final energy consumption, we can see that energy 
efficiency has declined annually since 1995 by 1% on average. In 2009, the ratio 
between final energy consumption and TPEC was 0.69 (623.7 / 906.7 PJ). 
2.3.2.3. Foreign trade in, crude oil and coal 
 
From 1995 to 2009 the total share of energy imports was roughly 64% of the total 
energy consumed. However, there was a 10.5% reduction in the imported energy 
contribution in the last two years 2010 and 2011. In 2009, crude oil was the most 
important source of imported energy, with 70% share of the total. In addition, about 
44% of total energy consumption was derived from crude oil imports in the same 
year. On the contrary, the total share of total energy exports has been almost 
constant at an average of 30% of TPEP accrued to crude oil in the past 15 years. 
Even though total crude oil production reached 145,000 b/day in 2009 (BP, 2012b) 
its annual production has declined by an average of 3.5% from 1989 until 2004 and it 
experienced two boosts in years 2005 and 2009, while its total consumption has 
doubled from 1995 to 2009 (see figure 2.20). Oil products such as kerosene jet fuel 
were made only for export, while roughly 60% of LPG was derived from imports, and 
100% of aviation gasoline was imported. The two major products derived from crude 
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oil were diesel and gasoline which accounted for an average of 97% of total transport 
demand energy, between years 1995 and 2009. 
Until 2009, Peru had 7 operating refineries (Talara, Conchan, Iquitos, El Milagro, 
Pucallpa, La Pampilla and Shiviyacu) with a total capacity of 202.95 million barrels 
per day and a production of 179.53 Mb/day. However; by 2012, the capacity of these 
refineries were only able to domestically process roughly 70% the total crude oil 
production that year (Tubino, 2012) and no signs of investments for expansion were 
found at the time of the current study, even though new Amazonian reserves 
remained unexploited since 2011 (MEM, 2011a). 
 
Figure 2.20. Total crude oil production vs. consumption (PJ) 
 
In 2005, the Southern Peru Copper Corporation shut down their coking coal 
(metallurgical coal) production operations due to noncompliance with Peruvian 
environmental regulations. In 2009 almost 80% of the total coal needs were 
imported. Figure 2.21 shows the trend in total coal consumption in Peru from 1995 to 
2010. 
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Figure 2.21. Total coal production vs. consumption (PJ) 
 
2.3.2.4. Natural Gas 
 
Theoretically, the efficiency of natural gas production processing could be improved 
to reach 70% of the amount of real gas consumed (MEM, 2011a). In 2009 final 
consumption accounted roughly 47% of total resource extraction. Until that year, the 
gas produced was destined for domestic use; there was no foreign trade. However, 
in 2011 Peru started to export gas to Mexico and Chile, but due to the increase in 
electricity consumption in 2012, gas imports were reduced by 50%. Figures 2.22 and 
2.23 show the percentage annual growth in gas consumption, with a clear increasing 
trend. The highest historical growth took place in 2005 after the completion of the 
Camisea gas project, the biggest gas project operating in Peru. 
 
Figure 2.22 Total gas production vs. consumption (PJ) 
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Figure 2.23 Total gas consumption % annual growth. 
 
2.3.2.5. Renewables 
 
On average, 18% of renewables consumption in Peru has been derived from 
firewood, baggasse, dung and yareta, with the main use being for residential 
consumption (traditional uses), see Figure 2.24.  
 
Figure 2.24. Total renewable production vs. consumption (PJ). 
 
In addition, for the transport sector in 2009, there was recorded production of 1.1 PJ 
of Biodiesel B100 for production of DB2 (low sulphur content diesel with 2% 
biodiesel), while in 2012 roughly 179 million litres were accounted for the production 
of B100 for DB5 (or diesel with 5% B100) (OECD-FAO, 2012). DB2, DB5 and 
gasohol blends (gasoline with an additive of 7.8% ethanol) are imperative in Peru 
since 2009, following the declaration of the supreme decree N° 021-2007-EM. The 
government is promoting private investment in biofuel production with a target of 3.7-
4.3 MBD (average of 231.8 million litres) of biodiesel (B100) by 2016 (Andres 
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Quintero et al., 2012). It is also expected that by 2021 total domestic consumption 
will reach 309 million litres, of which 172 million litres will need to be imported, if the 
country does not increase its domestic production (OECD-FAO, 2012). 
The domestic consumption of ethanol in 2012 was roughly 92 million litres, and is 
projected to increase to 248 million litres by 2021. In contrast, the 126 million litres of 
biodiesel were produced in 2012, with production being expected to almost double to 
246 million litres in year 2021 (OECD-FAO, 2012). In January 2012, total 
consumption of pure gasoline was 0.76 million litres, while the consumption of 
gasohol mixes was averaging 4.4 million litres. 
Finally, ethanol imports are expected to drop to about 2 million litres by 2021 due to 
the increase in domestic production. 
2.3.2.6. Electricity 
 
The demand for electricity has been marginally higher than predicted for 2012 (from 
2011 to 2012 it was forecast to increase by 6%; however, it grew at 7%) (MEM, 
2012a), and over 4 blackouts were registered that year in the capital city (Alvarez, 
2012). Thermal plants were operating at maximum capacity, and the government had 
to reduce the quota of natural gas exports by 50% in order to accommodate 
increasing domestic demand.  
The historical share of natural resources used for the production of electricity is 
depicted in Figure 2.25, while the projections on national demand are presented in 
Figure 2.26 (MEM, 2011b) In the last 15 years, national production of electricity has 
grown on average 5.5% each year, while the consumption has grown of average 
5.8%. In 2010, the electricity generated from hydraulic sources was almost the same 
proportion as that generated from thermal plants (natural gas). This is positive 
because this change in the electricity matrix could potentially prevent future electricity 
shortages due to future drought events such as the one occurred in 2004, which was 
the most severe recorded in that decade (MEM, 2012c). Over the 4 year period 2012 
to 2016, the government is expecting that the demand for electricity will increase on 
average by 8.6% per year. 
 23 
 
 
Figure 2.25. Total electricity consumption (PJ). 
 
Figure 2.26. Total electricity demand by 2016 (PJ) (MEM, 2012c). 
 
2.4. Direct energy consumption by industrial sectors and the embodied energy 
analysis 
 
Section 2.4 analyses the evolution of the distribution of energy consumption in 6 
industrial sectors:  Agriculture (A), Fishing (B), Mining (C), Transport (D), Residential 
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(E), and Commercial (F). The first approach was to analyse the trends derived from 
the overall energy balances from 1994 to 2009, to obtain the total direct energy 
consumption. The second approach was to take into account the latest available 
Peruvian Input–Output (I-O) economic data from 1994, to calculate the total 
embodied energy consumption in 1994 and 2009. The embodied total energy 
consumption includes the direct and indirect total energy consumption by group 
sectors (Liu et al., 2012). Then, we will compare both results to discover the real 
embodied distribution of energy between sectors in the economy flow in order to 
identify which sector is the most energy intensive and which might potentially 
improve their energy use efficiency through the substitution of fossil fuels by biofuels.   
2.4.1. Direct energy analysis 
 
In this analysis we have used the aggregated energy data in PJ from the Peruvian 
OEBs shown in table 2.3.  
 
Table 2.3. Aggregation of  total energy consumption in industrial sectors (includes 
primary and secondary energy consumption) 
 
 
The group sector Mining and Industrial (C) has aggregated Mining and Industry into 
one group for comparison purposes with the embodied energy analysis. For 
industrial sector Commercial (F), we have aggregated the categories: commercial, 
public services, non identified consumption of energy and non energy uses. 
Moreover, for group F the first two categories were combined together in a similar 
manner as the International Energy Agency energy accountings (IEA, 2011), and the 
last two due to market similarity . 
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Figures 2.27 and 2.28 show the sectoral variation pattern for the period 1994 to 
2009. The proportions accounted for the first three major energy-intensive sectors: 
mining and industrial (C), transport (D) and residential (E), have been almost 
constant since 1994, on roughly averaging 30% each. 
 
Figure 2.27. Total direct energy consumption by sectors (PJ) 
 
 
 
Figure 2.28. Total direct energy consumption by sectors (% share) 
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2.4.2. The total energy requirement 
 
We refer to total energy requirement (also called total embodied energy) as to the 
total energy required by all economic activities (counted as monetary units) 
corresponding to services and goods recorded in the Input–Output (I-O) table (see 
Appendix) relating to final demand. It includes the direct consumption of energy 
counted per sector in terms of OEBs, and indirect consumption of energy required 
during the production processes. In order to calculate the total embodied energy 
consumed in Peru, we use the extended Energy Input-Output model (EIO) which, is 
an extension of the Input-Output (I-O) standard Leontief model. This concept can be 
applied to energy accountings, because the economy (similar to energy processes) 
assumes a circular interdependent conservation condition of products or energy 
(Miller and Blair, 2009).  
  
The above method has been widely reported in the literature as having been used to 
account for GHG embodied emissions (Chen and Zhang, 2010), (Chang et al., 2010) 
and embodied energy (Liu et al., 2012) among others. However, this is the first time 
that this method has been used in the analysis of Peruvian energy consumption. In 
the present analysis, we have used the latest available Peruvian I-O table from year 
1994 combined with the latest available energy data for year 2009. Because of the 
different nature of the available data for the different years, the results are presented 
separately for 1994 and 2009, to reflect how does total direct energy consumption 
affects the indirect energy consumption within the total embodied energy. 
2.4.2.1. Adapting the EIO model to Peru 
 
The model EIO uses the total output in the economy expressed as the sum of 
vectors: 
  = .  +     (1) 
  
Where X is the total economic output column vector; A is the intermediate non 
singular coefficient matrix for the total economic demand, obtained by dividing each 
component in the I-O matrix (Zij) by the total economic output (Xij); therefore A 
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becomes the technical coefficients matrix with its components: Aij = Zij/Xij (Chen and 
Zhang, 2010). Thus, A.X is the intermediate economic demand column vector, Y is 
the final economic demand vector that results from the sum of government 
consumption, household consumption, gross fixed capital, exports, and any other 
variation (INEI, 2001). 
 
After rearranging equation (1) we obtain: 
  − .  = , . (1 − ) = , 
     
Thus: 
  = ( − ).                                                    (2) 
 
Where I is the Identity matrix, and ( − ) is the Leontief inverse (Liu et al., 2012).  
In addition, it is accepted that the total embodied energy consumption can be 
expressed as:  = .                                                                 (3) 
 
Where E is a column vector of total embodied energy consumption with m x 1 
elements; F is the column vector that represents energy intensity per sector where Fij 
= Edij/Xij also with m x 1 elements and Ed is the total direct energy consumed per 
sector (Liu et al., 2012), as discussed in the previous section (2.4.1). 
 
Finally, we can derive:  = . ( − ).                                                  (4) 
 
Before applying equation 4 to our data, we have to match the detailed sectors 
accounted in the Peruvian I-O table with the Peruvian energy sectors discussed in 
Table 2. To achieve this match, the 45x45 sectors in the economy were aggregated  
to obtain an aggregated square matrix of 6x6 as shown in Table 2.4. 
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Table 2.4. Aggregation of technical coefficient matrix (A). 
    
Group Code Industrial sectors name Sectoral codes Industrial sectors in I-O 1994 Peruvian table 
            
A Agriculture 1 Agricultural Products, Hunting and Forestry 
    9 Sugar     
            
B Fishing 2 Fishing Products   
    6 Preservation of Fish   
    7 Fish Meal and Oil   
            
C Mining and Industry 3 Crude oil     
    4 Mineral Products   
    5 Dairy     
    8 Milling and Bakery Product 
    10 Other foods   
    11 Beverages and Tobacco 
    12 Textile products   
    13 Clothes     
    14 Leather and   Leather Articles 
    15 footwear     
    16 Wood and Metal Furniture 
    17 Paper and Paper Products 
    18 Printing and Publishing 
    19 Basic Chemicals and Fertilizers 
    20 Drugs and medicines   
    21 Other chemical products 
    22 Refined Petroleum   
    23 Rubber and Plastic Products 
    24 Non-Metallic Mineral Products 
    25 Steel Products   
    26 Nonferrous Metals Products 
    27 Metal products   
    28 Nonelectrical machinery 
    29 Machinery and Electric Equipment 
    31 Other manufactured products 
            
D Transport 35 Transport and Communications Service 
            
E Residential 32 Electricity and water   
            
F Commercial 30 Material for transport   
    33 Construction   
    34 Marketing Service   
    36 Financial Services   
    37 Insurance Services   
    38 Housing Rental Services 
    39 Loan Services for Companies 
    40 Restaurant and Hotel Services 
    41 Merchant Services Loans to households 
    42 Non-Merchant Services Loans to households 
    43 Private Health Service   
    44 Private Education Service 
    45 Government Services   
            
 To compute the total embodied energy consumption, we construct
matrix  [Y]6x6 as a diagonal matrix with nonzero 
  
Due to lack of information relating to imports
goods (or services) but omits 
of energy is assumed to be equal to 
2012).  Finally, we used MATLAB to 
section. 
2.4.2.2. Results  
 
Figures 2.29 presents the results of the total embodied energy consumption for ye
1994 and 2009. 
 
Figure 2.29. Total 
 
The results show that the most energy
both, 1994 and 2009 (34% of
30% in the 15 year period,
constant, roughly 50% of the total. 
 
The second most energy intensive sector is Transport 
average of embodied energy
component of this sector represents around 83% of the total embodied energy.
 
29 
ed a
elements located where 
, this model includes domestic produced 
imported goods. Therefore, the theoretical
the embodied energy consumption
provide the results summarised in the following 
embodied energy consumption by sectors in 1994 and 2009 (
-intensive sector is Mining and Industry (C) 
 the total). Total embodied energy has increased by
 while the indirect energy component has been almost 
 
(D) with 
 between 1995 and 2009; however, 
 final demand 
k = j. 
 production 
 (Liu et al., 
ars 
 
PJ). 
in 
 
a 24% share on 
the direct energy 
 In 
 30 
 
addition, energy consumption in the residential sector has remained almost constant 
in the 15-year period of analysis. Finally, a significant reduction in the use of energy 
has occurred in the Fishing sector, -313% from 29.4PJ in 1994 to 7PJ in 2009. 
 
In 2009 direct final energy consumption was 60% of the total embodied energy 
(623/1036PJ). If we only were to take into account the direct energy consumption, 
the transport sector would be the most intensive energy sector; however, this picture 
changes when we take into account the energy embedded in the production 
processes. 
 
2.4.2.3. Discussion 
 
The results of the study provide a more complete picture of total energy consumption 
in Peru, because it takes into account intermediate processes that take place during 
the production of energy. However, in the case of Peru this analysis is not very 
precise for the transport sector, because until 2009 this sector did not use electricity 
as a transportation fuel. Greater precision could be achieved by taking electricity out 
of the final consumption of energy; as well as, out of the I-O input table, in order to 
take into account only liquid fuels use. It would be also useful to have a more 
detailed accounting of energy consumption at disaggregated levels to see the impact 
in other sectors such as Manufacturing and Construction. The results are in 
accordance with the flows of private capital investments that have been taken place 
in the Mining sector, as they show that sectors with more intensive capital 
investments, show more intensive energy use in Peru. 
2.4.2.4. Limitations  
 
The EIO analysis was carried out using the latest available data of the Peruvian 
Input-Output with data for 1994. This is a very important limitation to our scope, and 
the results could be distorted or too conservative, given the fact that energy demand 
and GDP in Peru has doubled from 1995 to 2009. It would be interesting to analyse 
separately, the data for the Mining, Manufacturing and Construction sectors, to 
obtain a more detailed understanding of Peruvian energy consumption. Other 
assumptions that hold in this case, are that the model takes uniform inter-industry 
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energy prices (Miller and Blair, 2009); however, there are still some distortions due to 
tax exemptions between industries. Finally, we have considered that the energy used 
by import industries has the same intensity as the energy used by export industries, 
which is not necessarily the case. 
 
2.5. Total transport direct energy overview by sources 
 
In this section we analyse the Peruvian total energy production and consumption by 
sources for transportation purposes. It is important to note that the energy sector’s 
own use has not been discounted from the total transport energy production, due to 
ambiguity in the exact amount that corresponds to electricity or transport. From 1995 
to 2003, total production of transport energy decreased, on average, by 6% per year 
(see Figures 2.30 and 2.31), following a declining trend since 1985. In 2009, total 
transport energy production reached the highest level in 13 years (375.7 PJ), still 
less than 1985 when energy production was 375.3 PJ (MEM, 2010). 
 
 
Figure 2.30. Total transport energy production (PJ). 
 
 
Figure 2.31. Total transport energy production (% annual 
growth rate). 
 
In Figures 2.32 and 2.33 we show the variation in the share of total energy 
production of primary sources in Petajoules and in percentile variation. In 2009, there 
were only three sources of fuels for transportation: oil products (58%), gas (42%) 
and biodiesel 100 (1%). 
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Figure 2.32. Total transport energy production by sources 
(PJ). 
 
 
Figure 2.33. Total transport energy production by sources 
(% annual growth rate). 
 
 
Until 2004, the production of fuels for transportation was dominated by crude oil 
products; more specifically, gasoline and diesel (roughly 78%). Other crude oil 
products made in Peru include: LPG (liquefied petroleum gas), kerosene jet fuel, and 
fuel oil. In 2005, vehicular natural gas (VNG) became a new transport fuel, following 
the commercialization of gas-engine cars. In 2009, Peru commenced the production 
of biodiesel 100 derived from palm oil. 
 
Total energy consumption in Peru remained almost constant until year from 1995 to 
2005 with 122.9 PJ on average (See Figures 2.33 and 2.34).  
 
 
 
Figure 2.34. Total transport energy consumption (PJ) 
 
 
Figure 2.35. Total transport energy consumption (%annual 
growth rate). 
 
Since 2006, transport fuel use has increased by an average of 13% per year, 
although following an irregular trend. The boost in transport energy in 2008, can be 
correlated with the “construction boom” in that year, which lead to the expansion of 
GDP growth (Gestion, 2013b). However, further analysis of this probability needs to 
be undertaken, but this is outside the scope of this thesis. 
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Figures 2.36 and 2.37 depict transport energy consumption by sources. Similar to 
production, the consumption of crude oil products has been the most important in 
relation to transportation fuel, with gasoline and diesel sharing 97% on average of 
the total consumption of crude oil products in the period 1995 to 2009. Crude oil 
products consumption include: LPG, gasoline, aviation gasoline, diesel, and fuel oil. 
 
 
Figure 2.36. Total transport energy consumption (PJ). 
 
 
Figure 2.37. Total energy consumption (% annual growth 
rate).
 
The relative share of transport fuels has changed in the last 30 years; with gasoline 
demand being maintained at an almost constant level on average 50PJ, but showing 
a declining share from years 1980 to 1995 (see Figure 2.38). Diesel consumption 
has doubled its share and demand over the same period, and this is the principal 
reason for the increase in transport energy consumption. VGN and other fuels 
shared almost the same percentage of 8% in 2010. However, in 2011 LPG-engine 
car conversions were higher than gas-engine cars by 35%, in spite of the fact that 
gas prices were lower than LPG prices (Gestion, 2013a)  this represented a reversal 
for the increasing trend of converting VNG cars. 
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Figure 2.38. % Share fuels for transport energy consumption 1980 – 2010. 
 
2.6. Future of transport energy consumption in 2020 
 
In this section, we propose three possible projections for transport energy 
consumption in Peru by 2020. First, we use our assumptions presented previously in 
section 2.2 in regard to the use of GNI as a suitable explanatory variable for 
transport energy consumption in Peru, also in accordance to our expectations. To 
then, introduce other explanatory variables in order to search for accurate models 
and we present estimates for elasticity of demand and its respective forecasts for 
total energy consumption in the transport sector using econometric models and the 
ordinary least squares (OLS) using E-views to construct multiple time-series models, 
and autoregressive distributed lagged models (ARDL) using data from 1980-2010. 
Secondly, we will decompose the obtained transport energy consumption by its more 
important sources: Diesel, Gasoline and Gas and we will present the estimates by 
source for year 2020 using OLS, where suitable. Finally three (03) scenario cases: 
Business as usual, Moderate and Optimistic scenarios will be presented and 
compared to Peruvian national expectations, to obtain sensible projections for 
transport energy consumption. This forecast is then used as input data to quantify 
the total transport energy consumption that could be replaced by biofuels, together 
with corresponding investment opportunities. 
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2.6.1 Total transport energy consumption forecast 
 
The additional variables and historic data for the period 1980-2010 that we examine 
here are presented in table 2.5.  
Table 2.5. Explanatory variables used for transport energy consumption models. Data sourced from WB, 
IEA, MEM, BP (2012). Samples 1 to 31 corresponds to years 1980-2010. 
 
From this historical data, we examined average income elasticities and GDP per 
capita elasticities in regards to transport energy consumption. The analysis is 
depicted in Figures 2.39, 2.40, 2.41 and 2.42. For income elasticities we have found 
that the average is 0.9 taking out one irregular data, in 1991 when elasticity reached 
its maximum (32.7). On the other hand, GDP per capita elasticities were found to 
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average 0.79, slightly lower than the average income elasticity, its minimum occurred 
in 1992 and its maximum in 2009. 
 
 
Figure 2.39. Historic price elasticities. Case A is the average without the severe distorsion of year 1991. 
 
 
 
Figure 2.40. Historic price elasticities. Case B considers all available data. 
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Figure 2.41.  Historic income elasticities. Case A is the average without the severe distorsion of year 1992. 
 
 
 
Figure 2.42.  Historic income elasticities. Case B considers all available data. 
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Empirical approach 
 
Transport energy consumption was modelled using different explanatory variables in 
the search for an accurate model for a later forecast analysis. Table 2.6 explains the 
different models constructed in this study, we only adopted log-log and lin-lin models 
because we considered that log-lin models are not appropriate in this case. We also 
used lagged terms, a trend variable and generalised nonlinear squares to correct the 
models where necessary. 
 
Table 2.6Table 2.6. Explanatory variables used for transport energy consumption models. Data sourced from 
WB, IEA, MEM, BP (2012). 
 
 
Results 
 
The results of the analysis for transport energy consumption are presented in Table 
2.7. Models 3 and 15 were the models that held the normality assumption of errors 
for (Et) the closest with the minimum sum squared residuals. GNI per capita 
elasticities fluctuated between 0.26 and 0.54 higher than GDP per capita, as we 
expected in the long run.  
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Table 2.7. Results for transport energy consumption (PJ). 
Dependent variable Ln Et or Et Transport energy consumption in PJ          
Model E
 t - 1 Gt Gct Xct It Ct Dt Kt R2 R2g Schwarz Akaike 
                      
1 0.682   0.18           0.955 0.914 -2.2 -2.49 
  (0.132)   (0.058)                   
2 0.701 0.09*             N/A N/A N/A N/A 
  (0.238) (0.07)                     
3 0.552     0.389     
  
  0.958 0.936 -2.63 -2.77 
  (0.118)     (0.083)     
  
          
4 0.378     0.427     73.47   0.97 0.98 -2.62 -2.9 
  (0.145)     (0.007)     (26.39)           
5 0.496     0.261 0.104       0.962 0.966 -2.52 -2.75 
  (0.184)     (0.061) (0.114)               
6     0.214   0.172       0.962 0.973 -2.61 -2.8 
      (0.123)   (0.036)               
7         0.218       0.957 0.968 -2.62 -2.76 
          (0.025)               
8 0.647     0.541   -0.167     0.961 0.947 -2.61 -2.8 
  (0.129)     (0.125)   (0.104)             
9 0.453   0.388         0.198* 0.958 0.955 -2.41 -2.65 
  (0.167)   (0.107)         (0.161)         
10 0.461   0.39         0.192 0.96 0.956 -2.71 -2.47 
  (0.161)   (0.100)         (0.156)         
11 0.337     0.386   0.09 83.63   0.97 0.976 -2.51 -2.84 
  (0.194)     (0.193)   (0.268) (40.99)           
12 0.648     0.009         0.964 0.936 7.07 6.93 
  (0.124)     (0.002)                 
13 0.727     0.015   -0.025     0.968 0.95 7.04 6.85 
  (0.124)     (0.003)   (0.012)             
14 0.392     0.008 0.001       0.971 0.964 7.06 6.82 
  (0.175)     (0.002) (0.001)               
15 0.464     0.01       0.42 0.969 0.96 7.15 6.91 
  (0.182)     (0.002)       (0.244)         
 
All values are statistically significant at 5% except the * which resulted not statistically significant even at 10% level. 
Coefficients on constant not reported. 
Tests: Stationarity, Cointegration, Reset, autocorrelation, heteroskedasticity. 
      
  
    
N/A: Not applicable, explanatory variable not significant at 10%.  
     
  
    
Models 1 to 12 are log-log, while models 13 to 15 are lin-lin. 
        
  
    
Models 4 and 11 show evidence of bias. 
  
 
 
Forecast 
 
To run the models for the forecast, we used model 3 for the moderate scenario case 
with a constant increase in 2% GNI, and ARDL one lag estimation for the optimistic 
scenario case, whereas for the business as usual scenario we assumed an annual 
growth ratio of 3% based on historical data. Table 2.8 and Figure 2.43 show the 
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results for transport energy consumption. Theoretically, the confidence interval 
overall is inside the 68% percentile. 
 
Table 2.8. Results for transport energy consumption (PJ). 
 
 
 
Figure 2.43. Forecast for transport energy consumption (PJ). 
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2.6.2. Diesel consumption forecast  
 
The explanatory variables examined to model diesel consumption in Peru are 
presented in Table 2.9. 
Table 2.9. Explanatory variables used for diesel consumption models. Sample 1 to 31 corresponds to years1980 to 2010. Data 
sourced from INEI, WB, IEA, MEM, BP (2012). 
 
 
Historic prices and income elasticities were been examined and are presented in 
Figures 2.44, 2.45, 2.46 and 2.47. We have calculated the averages in two cases: 
one involving the removal of one marked change and the other for the total data. For 
price elasticity we obtained 0.65 and -0.17, while for income elasticity we found 1.51 
and 2.7, in each case.  
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Figure 2.44.  Historic price elasticities. Case A is the average without the severe distorsion of year 1984. 
 
 
 
 
Figure 2.45.  Historic price elasticities. Case B considers all available data. 
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Figure 2.46.  Historic income elasticities. Case A is the average without the severe distorsion of year 1991. 
 
 
 
Figure 2.47.  Historic income elasticities. Case B considers all available data. 
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Empirical approach 
 
In order to estimate diesel consumption, we have incorporated in addition to the 
conventional time series analysis, the use of dummy variables to take into account 
the volatility of WTI market prices in the model. To do so, we have used the following 
expression (Eydeland and Wolyniec, 2002): 
 
 =   ∑       −  ∑        !  "              (5) 
 
Where # is the sample number, $  is the price in time t, $ is the price in 
time %, % is the time when the price was recorded and  % relates to the period 
immediately preceding %. After solving equation 5 for a sample of 1669 U.S. Golf 
Western Texas Intermediate (WTI) diesel spot prices3 (EIA, 2012) and 228 peruvian 
diesel pump prices4 (OSINERG, 2012), we introduced dummy variables to adjust the 
models using their variances (σ2x,σ2y) and/or their covariances (σxy). 
 
 The conditions to meet are: σ2 < σ2dp or if σxy < σxydp, then dummy = 1, zero (0) 
otherwise. Where: σ2 are the predicted errors (&' ) of the selected model and σ2dp is 
the variance of the WTI prices (x) or the Peruvian prices (y). Finally, σxy is the 
covariance between the predicted errors (ei, ej) and σxydp is the covariance between x 
and y. 
 
 
 
 
 
 
3
 U.S. Gulf Coast Ultra-Low Sulfur No 2 Diesel Spot Price (Dollars per Gallon), Sulfur content: 50 - 4800 ppm. Cetane 
number:45-60, minimum 45. Although the diesel consumption in Peru is mandatory for Diesel cetane number 45, it will be used 
the WTI diesel price. 
 
4 Peruvian prices were sourced from the diesel price composition per month obtained from OSINERG, 2012 and INEI, 2012. 
Data was not available for year 2000 (from January to October). Also, data was not available for August 2003, January 2006, 
and May 2008. In addition, Peruvian prices were converted to dollars using the exchange rate from the World Bank 2013. 
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To account for endogeneity we have used the oil reserves as instrument between 
diesel prices and diesel demand, similar to other approaches for gasoline prices and 
gasoline demand (Burke and Nishitateno, 2011). Although, the assumption that 
levels of gasoline consumption (or in this case diesel consumption) don’t have an 
impact on exploration activity is arguable, because it might exist a negative 
correlation between them in scarce conditions; the correlation between the natural 
logarithms of oil reserves and diesel prices are only of the order of 0.82, and the IV 
condition requirement is very difficult to meet, we relax these assumptions in order to 
investigate the incidence of this instrument in the models. We do this because the 
incidence of diesel consumption in Peru is greater than gasoline, 73% of the total 
transport consumption pertained to diesel DB2 in 2009 (MEM, 2010). Table 2.10 
shows the models that we constructed to analyse diesel consumption. 
 
Table 2.10. Explanatory variables used for diesel consumption models. Data sourced from WB, WTI, OSINERG, IEA, MEM, 
BP (2012). 
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Results  
 
First, diesel prices were found not to be volatile, but rather they maintained a close-
normal distribution, as shown by the results of the variances from WTI and Peruvian 
prices. For the first one we obtained 0.38; while for the second, the result was 0.398. 
Figures 2.48 and 2.49 show the comparisons between WTI prices for diesel and 
gasoline, and Peruvian prices for diesel and gasoline, respectively.  
 
Figure 2.48. Comparison of the distribution of WTI prices for gasoline and diesel. 
 
 
Figure 2.49 Comparison of the distribution of Peruvian prices for gasoline and diesel. 
 
The covariance between x and y was found to be 0.09 for a sample of 54 available 
prices; however, this result was not inserted as a dummy in the models because it 
was not representative in this case. We introduced only the variance restrictions as 
volatility dummy variables and all results are presented in Table 2.11. Secondly, we 
used the oil reserves instrument in two models: lin-lin and log-log, with the 
explanatory variables diesel price (and its first lag) and the income per capita (GNI). 
In model 19 we corrected the errors with ar(1) to ar(4) and we obtained variables 
significant at 5% levels, see results. On the contrary, if we use the same instrument 
for the log-log model with the same variables, we obtain that diesel prices are not 
significant even at 10% level. The importance is that these models allows us to 
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compare two assumptions: Exogeneity and endogeneity, and from the obtained 
results we can see that diesel prices become significant when we introduce a 
correction of endogeneity in the lin-lin model, however additional exercises with 
different models should be carried out to explore this concept at higher dimensions. 
Also, other instruments such as oil refineries capacity of production could be 
investigated in further analysis. Another important effect to take into account could 
be the existence of reverse causality in the models presented here. As noted, using 
population or population density as explanatory variables for diesel consumption, 
produced very similar results.  Finally, the probabilities of diesel price as an 
explanatory variable are rejected in nine models; therefore, corrections have to be 
introduced in order to avoid bias, and to be able to use it as a variable to explain 
diesel consumption in Peru or other countries as analysed by several other sources 
(Dahl, 2012). Price elasticities predicted by the models were between -0.004 and 0.4 
(with probabilities not significant at 10% levels). However, models 17 and 19 
predicted elasticities of 0.27 and 0.19, respectively at 5% level of significance. In 
regard to income elasticities, the models predicted a range between 0.21 and 0.62 at 
5% level of significance. 
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Table 2.11. Results for diesel consumption (PJ).
.
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Forecast 
 
Due to limitations in time for this analysis, we have forecasted with models 11 and 12, 
using the same criteria of normality and the squared sum of errors, as in Section 2.6.1. 
The confidence interval overall is within the 68% percentile (see Table 2.12). 
  
Table 2.12. Scenario cases for diesel consumption 
 
2.6.3. Gasoline consumption forecast  
 
Gasoline consumption has shown a regular pattern in consumption, and has remained 
almost constant for the past 30 years at around an average of 50PJ as discussed in 
Section 2.5. Historic elasticity of gasoline prices is depicted in Figures 2.50 and 2.51. We 
have removed one irregular data 6.89 (the highest recorded) to obtain a historic average 
of price elasticity of gasoline of -0.13. The maximum positive change of the elasticity 
coincided with an ENSO event in 1998, while the minimum variations occurred in 1981 
and 2001 corresponding with a conflict with Ecuador (Falso Paquisha) and the 
occurrence of an earthquake, respectively. In Figure 2.51 we can appreciate the Historic 
elasticity of gasoline prices with the entire set of data. 
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Figure 2.50. Historic elasticity of gasoline price without spike in 1998. 
 
 
Figure 2.51. Historic elasticity of gasoline price with total data. 
 
In addition, historic income elasticity was also analysed and the results are presented in 
Figures 2.52 and 2.53. The first Figure includes all data while in the latter it has been 
removed 5 extreme data previous analysing the data. The historic average of income 
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elasticity for gasoline consumption was considered here to be 0.63. The maximum 
values were recorded in 1991 and 2009 while the lowest value corresponded with 1998. 
 
Figure 2.52. Historic income elasticity for gasoline consumption without spikes in 1991, 1998 and 2009. 
 
 
Figure 2.53. Historic income elasticity for gasoline consumption with total data. 
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Forecast 
 
Based on the average consumption pattern of gasoline in Peru over the last 31 years, we 
assume for the business as usual scenario case, a consumption of 55 PJ until 2014 and 
60PJ from 2015 to 2020. For the moderate and optimistic scenario case we are 
considering an increase of 1% per year, starting in 2010 until 2015, and then 2% until 
year 2020. This increases are in line with the Peruvian Ministry of Energy and Mines 
estimates and objectives for crude oil products demand and crude oil reserves 
exploitation (MEM, 2012c) see Table 2.13. 
Table 2.13. Scenario cases for gasoline consumption 
 
2.6.4. Gas and other liquids consumption forecast 
 
Due to the recent start to the use of gasoline in Peru, it is not accurate to run 
econometric models as basis for estimates of future forecasts of vehicular gas 
consumption. Instead, we have derived the quantity by subtracting from the total energy 
forecast, diesel consumption, gasoline consumption and a percentage of the other 
derived fuel liquids from crude oil such as LPG, aviation kerosene and fuel oil. The 
forecast is presented in table 2.14 and 2.15. 
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Table 2.14. Scenario cases for gas consumption 
 
Table 2.15. Scenario cases for other liquids consumption 
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2.6.5. Total transport energy scenario cases by sources 
 
In this section we present all results compiled into one graphic to appreciate each 
scenario by sources in Figures 2.54, 2.55 and 2.56. 
 
Figure 2.54. Business as usual scenario for transport energy consumption (PJ). 
 
 
Figure 2.55. Moderate scenario for transport energy consumption (PJ). 
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Figure 2.56. Optimistic scenario for transport energy consumption (PJ). 
 
The world total final energy demand for transport is expected to grow at an average 
annual rate of 1.3% per year over the period 2010 to 2020 (IEA, 2012), while for 
developing countries the demand is expected to grow at an average of 3.5%. For the 
purposes of this study, Peruvian consumption was assumed to be expected to grow at an 
average rate of between 3% to 6% from a business as usual to an optimistic scenario 
case (historically, the rate from 1980 to 2010 has been on average 4%). 
2.6.6 Comments on the forecast 
 
Potential events that could have an impact on the forecast are: stagnation of the 
conversion of cars to dual VNG engines, Oil shocks, internal retraction in construction 
and mining activities due to a lack of private investments, and climate variations related 
to severe earthquakes or extreme ENSO events. 
Other modellings of energy demand could be performed taking into account non-linear 
optimization and harmonic analysis, such as the approximation of semi-parametric 
models using Fourier regressions (Serletis and Shahmoradi, 2008), Quantile regressions 
(Takeuchi et al., 2006), paired bootstrapping or the use the Brownian motion paths in 
open systems in order to minimize more precisely the error term in the predictions 
particularly for cases like these that exhibit extremely high variances and to avoid 
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crossing constraints. Furthermore, these methods could be used to project upper and 
lower boundaries forecasts to construct envelopes, each being an approximation with an 
assigned complementary probability (P = Σpi), and the use of different probability 
functions inside a space set of events ( 0< P <1 ). Other options could involve the use of 
non-conventional econometric theory such as artificial neural networks (Limanond et al., 
2011 and Kankal et al., 2011). We could also recommend another robust proxy, that 
investigates the behaviour of the historical second derivatives (which will have a lower 
variance) to study relations between the first and second derivates, or to induce a 
backward process from the second derivative and find an “average mean” to project, 
through the integration of the historical data. 
 
2.7 Major recent events in the energy industry (2010 - 2012) 
 
The energy industry shared a total of 0.51% (0.9 / 176 US$ billions) of GDP investment 
in 2011. In 2010 the public bus line “El metropolitano” started its operations and its 450 
vehicle fleet runs 100% on Natural gas. In addition, since 2011, the Lima metro (the 
electric train of Lima and Callao) started operations to connect 35 km of road to the 
national artery. In 2013 the construction of the second line of the project will be initiated, 
and the government will connect the public bus lines to the metro lines. The project is 
expected to have 6 routes with a total of 200 km of road (AE, 2011). However, much 
attention is still being given to the mining industry, while the transport energy industry is 
recently starting to receive a boost in capital investment. 
 
2.8. Energy reserves in Peru (2002 – 2011) 
 
In this section we present the proven (P1), probable (P2) and possible reserves (P3) in 
Exajoules (EJ) (1018) for natural gas, liquefied natural gas (LNG), crude oil (hydrocarbons 
and petroleum), and Petroleum based on the last 9 years of available data. Almost 50% 
of each natural resource is located in the North Amazon region of Peru (MEM, 2012b). In 
this section, it is useful to keep in mind that 1 GJ is roughly equal to 0.17 barrels of oil 
equivalent (BP, 2012a) and 1EJ is equal to 109 GJ. 
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Proven reserves of natural gas have increased, on average, at an annual rate of 4.65% 
between 2002 and 2011. In the same period, the annual growth of LNG proven reserves 
has been 1.22% (see Figures 2.57 and 2.58) 
 
 
Figure 2.57. Proven, probable and possible reserves of Natural Gas in Peru 2002-2011 (EJ). 
 
 
Figure 2.58. Proven, probable and possible reserves of Liquefied Natural Gas (LNG) in Peru 2002-2011 (EJ). 
 
Proven reserves of crude oil have increased on average 2.84% per year between 2002 
and 2011. In the same period, annual growth of petroleum proven reserves has been 
5.21% (see Figures 2.59 and 2.60). 
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Figure 2.59. Proven, probable and possible reserves of Crude Oil (Hydrocarbons and Petroleum) in Peru 2002-2011 (EJ). 
 
 
Figure 2.60. Proven, probable and possible reserves of Petroleum in Peru 2002-2011 (EJ). 
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2.9. Peruvian biofuel policy review 
 
The biofuel mandate in Peru has evolved over time as shown in Table 2.16. However, to 
date there is no specific target in regard to a percentage of GHG emissions reduction, 
nor a complementary timeframe to achieve it. However, it does operate under the Kyoto 
protocol and it is regarded as part of the national energy matrix change target towards 
achieving a composition of 33% renewables, 33% fossil fuels and 34% natural gas + 
LNG. In 2010, a life cycle assessment (LCA) was carried out in order to analyse the 
impact of selected biomass on the conversion of Peruvian lands; the assessment 
concluded that there are no substantial GHG savings between the use of pure fossil fuels 
and the use of biodiesel DB5 and gasohol E7.8 mixes, also called ecological fuels 
(PUCP, 2010).  
 
Table 2.16. Summary of the Peruvian biofuel policy and guidelines (MEM, 2013). 
 
In addition, to date there are no specifications that set limits on the amount of first 
generation biofuels consumed or expected to be consumed (food related energy crops), 
as part of planning for a transition towards second generation biofuels; such as, the use 
of lignocellulosic biomass, which are more effective with regards to GHG emission 
savings. They also diverge apart from food price volatily, inflation and land use 
competition (Havlik et al., 2011). 
 
 60 
 
The gradual implementation of cleaner transport energies includes the change to 
unleaded gasoline initiated in 2005; the use of biodiesel DB2 (98% diesel + 2% biodiesel 
B100) in 2007; an upgrade towards the use of biodiesel DB5 (98% diesel + 5% biodiesel 
B100) in 2010; and the national use of gasohol (biogasoline) E7.8 (92.2% gasoline 
octane 84, 90, 95 or 97 + 7.8% ethanol) in 2011. These fuel mix compositions determine 
not only the mix quantities but also the reference prices of each biofuel. The reference 
prices include the CIF prices plus import costs, storage, dispatch and law N° 27332 (5% 
of CIF price with a maximum limit assigned to OSINERGMIN for supervision expenses) 
of both, fossil fuels and pure biofuel (100% ethanol or E100 and 100% biodiesel or B100) 
in its respective proportions, according to equations (6) and (7). 
 () = (*&+&, (-./ 01 2°2). (100% − %) +  )100. %                   (6) 
 
Where X% is the proportion of B100 that evolved from 2% in 2007 to 5% in 2010. There 
are two reference prices for DBX, reference price 1 (RF1) refers to sulphur contents from 
0 to 2,500 and 8-10 ppm Ultra low sulphur diesel (ULS); while RF2 refers to sulphur 
contents of 2,500 to 5,000 and Diesel N°2. The ceta ne number varies from 40 to 50 
depending on U.S. market availability. Peru exports crude oil, and in exchange, imports 
diesel and gasoline products from the Gulf coast of the U.S. The benchmark price in this 
study was determined by WTI.  
 78+0ℎ0, :: $,;+ = 78+0,*#& ::. (100% − %) +  ,<0ℎ0, =;&,. %              (7) 
 
Where, ZZ corresponds to the octane number, and Y% to a 7.8% mix of alcohol fuel 
(ethanol fuel) (OSINERG, 2011). 
  
In 2004, the emergency decree N° 010-2004 was enact ed in order to set the parameters 
for the crude oil stabilization fund (strip prices) to overcome the volatile nature of crude 
oil prices. This subsidy was modified later in 2007 to account for fuel mixes and is 
currently applied after the determination of the reference prices of biofuels. The strip 
prices are evaluated and adjusted every two months by OSINERGMIN, with maximum 
variations of ±5% since February 2012 (OSINERG, 2013a). Once the subsidy is added to 
the price, the prices are referred to as primary prices, to which it is applied a road tax 
(IR), and a consumer selective tax (ISC). This corresponds to a first stage. Then, the 
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general tax on sales (IGV) is applied to the first stage and added to the Peruvian fuel 
distribution costs to reach to the second stage. Finally, the third stage corresponds to the 
sum of the second stage plus the retail margin, in order to obtain the retail pump price.  
 
Biodiesel and biogasoline price compositions in 2012 are depicted in Tables 2.17 and 
2.18. 
 
Table 2.17. Peruvian biodiesel prices in 2012. Data sourced from OSINERGMIN (2012) and EIA (2012). 
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Table 2.18. Peruvian biogasoline (gasohol) prices in 2012. Data sourced from OSINERGMIN (2012) and EIA (2012). 
 
  
The promotion of private investment in the biofuels market also addresses the promotion 
of local domestic production, to complement Law N° 27360 enacted in 2000, where the 
Peruvian government grants tax benefits for agro-industrial projects, whose by-products 
revenues do not exceed 20% of total sales. However, the majority of biofuels would need 
to incorporate unrestricted co-production of diverse assets, as a strategy for reducing 
production costs; therefore, this law may not provide adequate incentives to 
smallholders. In addition, Law N° 1002 issued in 20 08, promotes the use of at least 5% 
of industry electricity generation from renewable sources, including biomass residues, in 
order to achieve the national energetic matrix target (Felix and Rosell, 2010). Moreover, 
there are other dimensions that would improve the decision-making process regarding 
biofuel policies; these include, social, environmental, entrepreneurial, economic and 
political settings; among others, that are interconnected and must be coordinated 
between Ministries to ascertain a more complete general view and understanding of the  
urgent needs in order to design effective policy tools (Beeton and Lynch, 2012). Thus, 
this also involves the compilation and integration of micro-initiatives to the broader 
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macro-level. It could also be complemented bydeeper analysis that involves spatial 
computable partial equilibrium models (SCGE) (Chen and Haynes, 2013) with 
subseequent evaluation of targets and results.  
 
Some good practices involve the promotion of the inclusion of smallholders into the 
commercial large-scale chain to achieve vertical integration, proper monitoring by the 
government, together with gradual adoption of recent agricultural technologies and 
periodic training. But this scope is still limited in regard to an effective development and 
social inclusion of farmers without proper government coordination to secure a 
continuous development in order to avoid stagnation, due to the innovative nature of 
these technologies that cannot be left just as mandates. Issues like energy security, 
energy access, energy cost, international competitiveness, and modernisation, in 
addition to GHG emissions reduction, must be brought to discussion to set more 
inclusive targets (IRENA, 2013). 
 
National domestic production would need further promotion of investment infrastructure 
and incentives for R&D development and / implementation in the transport sector in order 
to continue to expand domestic production. This would provide healthy and balanced 
levels of energy security through price stabilization in a monitored free market without the 
use of distortive subsidies that cap fossil fuel costs. On the other hand, if there is any 
need for subsidies to make a transition, they must be gradually allocated to positive 
externalities and only for limited periods of time. Thus, this would require a set of multiple 
aligned policy instruments with opposite actions (a mix of demand and supply side 
actions), because reducing just one externality may not be welfare enhancing according 
to the second best theory (IRENA, 2013). Because regarding crude oil derivatives, Peru 
is operating under consumer prices that are similar to developed countries even though 
there are enough natural resources to provide for domestic production at lower costs, but 
clearly not adequate capacity yet. Transparent holistic assessments that cover the path 
from supply to end-user would help to identify price behaviour in order to improve 
operational and price efficiency in the biofuel emerging market chain.  
 
Country policies have to be considered on regional basis but in a global context. In the 
U.S., the Renewable Fuel Standard (RFS) extended biodiesel consumption from 3.8 to 
4.8 Billion liters (Bnl) in 2012 and it is expected that biodiesel production will surpass the 
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biodiesel mandate of 5 Bnl in 2021, due to high ethanol Renewable Identification 
Numbers (RIN) prices. (OECD-FAO, 2012). Therefore, is has been argued that dynamic 
studies of U.S. policy drivers for bioenergy commodities would need to include also 
estimates for export demand in the future (Jeffers et al., 2012). In the EU, the Renewable 
Energy Directive (RED) specifies that any given biofuel has to achieve savings of at least 
35% in GHG, and their target in the transport sector for clean energy consumption is set 
at 10% for 2020, although some estimates assign a maximum of 9.5% in 2021 (OECD-
FAO, 2012).  
 
Finally, it is relevant to mention that recent agricultural policies such as the law N° 29811 
include the banning of Genetically Modified Organisms (GMOs) for a period of 10 years 
starting in 2011, while laws N° 29678 and N° 29299 promote the trespass of the 
sugarcane industry from the national heritage protection management to the private 
inversion scheme through the Pro-inversion agency. In addition, law N° 29338 outlines 
the provisions pertaining to the water management, and law N° 28987 restored the 
National Institute of Agricultural research (INIA). These laws are complementary to the 
current biofuel promotion policies and environment. 
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CHAPTER 3: NATURAL RESOURCE ASSESSMENT FOR BIOFUEL PRODUCTION 
 
3.1. Selected Biomass overview 
 
In the transport sector we rely on energy to accelerate motion namely to make vehicles 
move at a faster rate. At the present time there are two conventional ways to achieve 
this: (i) via internal combustion of transformed matter (inorganic or organic) to release 
chemical stored energy; or, (ii) through the release of stored energy in batteries charged 
by electricity. It is our intention here to examine the potential of selected organic matter in 
the form of microalgae, plants, lignocellulosic biomass (non-food crops) and bacteria that 
store chemical energy naturally (provided by the sun via photosynthesis) for the 
production of liquid biofuels to replace diesel and gasoline. This organic matter is 
commonly referred as biomass. The reason why biomass is considered a clean source of 
energy or carbon neutral is because the amount of carbon equivalents (CO2e-) released 
by thermal, chemical or biochemical conversion is expected to be theoretically the same 
as the amount of CO2e- that the biomass consumes as a source of food/nutrients. Hence, 
a perfect biofuel is expected to have zero GHG emissions, or at least less than the 
generated by fossil fuels (or transformed inorganic matter). Moreover, biofuels are 
expected in the future to make possible to maintain current natural levels of carbon 
fixation through the use of advanced technology. However, it is still not clear whether 
something must be done in the future, to address the issues of the amount of excess 
CO2e- already that has accrued in the atmosphere as a result of the intensive use of 
fossil fuels; given that, the most recent daily measurements of CO2 levels at the Mauna 
Loa Observatory in Hawaii, were on average 400 ppm on May 2013 (Enwald, 2013). 
 
In this study we examine three types of biofuels in general: 
• First generation biofuels, referred to as biofuels produced from food crops such 
as, palm oil, and sugarcane; 
• Second generation biofuels, referred to as biofuels produced from non-food crops 
such as, Jatropha, lignocellulosic biomass or switchgrass (stipa ichu), fish oil, 
animal fats, sorghum and; 
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• Third generation biofuels, referred to as biofuels that require fewer inputs such as 
land and water due to advanced technologies or genetic engineered enhancement 
these biofuels include, microalgae and cyanobacteria. 
 
We present a literature review of selected Peruvian natural resources for the production 
of biofuels for transport. We examine potential and the unit costs where data was found 
available within the scope of this analysis. The biofuel production path addressed in this 
study is presented in Figure 3.1. Technologies with dotted lines have been presented 
only to describe selected types of technologies that could become feasible in the future. 
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Figure 3.1. Biofuel pathways used in this study to obtain biodiesel and biogasoline. Dotted lines present additional selected 
options that may be cost-available in the future. 
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Other exciting technologies that are being developed include: Biohydrogen technology 
(expected to boost by year 2050) (Demirbas, 2010), Electrofuels, referred to as the 
engineered microorganisms that assimilate energy without photosynthesis (Conrado et 
al., 2013), bio-engineered optimization of cell lipid production for microalgae (Peralta-
Yahya et al., 2012), and smokeless biomass pyrolisis (Lee, 2012) among others that are 
outside of the scope of this assessment. 
 
On the other hand, as a note on the assessment for land availability, we consider here 
only the potential of marginal land exploitation. The unit costs were calculated bearing in 
mind scenarios where the entrepreneur buys the land in order to remain in the 
conservative part of the analysis; however in a real situation, the common practice is to 
rent the land and/or to use smallholder’s lands. This practice adds to budget savings and 
remains distant of any controversies regarding the hegemony of Peruvian land property.  
 
Finally, we conclude that water scarcity is one of the major constraints in this study. It 
can be surpassed by setting minimum limits for careful design, planning and optimization 
of the use of water resources and by promoting infrastructure investments to avoid 
competing with water resources for human consumption and food-crop requirements. 
 
3.2. Biomass for biodiesel production 
 
There are 4 major types of biomolecules present in organic and inorganic systems: 
carbohydrates, proteins, lipids and nucleotides. In this section, we focus on lipids (also 
called fats) which are the biomolecules used for diesel production. Generally, these are 
processed via transesterification in order to obtain diesel fuel. For comparison purposes, 
it is useful to know that the lower heating value of petrodiesel (referred interchangeably 
as diesel in this study) is 42.8MJ/Kg (Klass, 1998a). 
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3.2.1. Microalgae biomass for biodiesel 
 
Several papers have analysed the feasibility and/or competitiveness of the use of 
microalgae for the production of biodiesel, ethanol, jet biofuel, biogas (hydrogen – H2, 
methane – CH4), biochair (from waste processed biomass) and other derived petroleum 
products, such as plastics and chemicals. More recently, it has been introduced the 
production of high-value products (HVP) e.g. phycobiliproteins, astaxanthin, xanthophyll, 
beta-carotene (among others), and methane-gas cogeneration of electricity derived from 
microalgae as complement to biodiesel production in order to achieve cost-efficiency for 
large scale production while overcoming the crude oil cost threshold (Chisti and Yan, 
2011, NREL 2009 & 2011). A typical composition of microalgae involves: 25-40% of 
protein, 5-30% carbohydrate (sugars) and 10-30% lipids/oil (Campbell et al., 2009). Past 
evaluations of dry biomass production costs have obtained 128 – 1,132 $/GJ and 165 – 
1,959 $/GJ between 2007 and 2009, respectively (at 2.5% inflation rate per annum, 145 
– 1,250 $/GJ and 187 – 1594 $/GJ in 2012) for open pond raceways and tubular 
photobioreactors (PBR) (Shen et al., 2009). It is important to mention that these prices 
were obtained assuming 25% lipid content while maintaining each author’s biomass 
production rates of between 2 and 50 g.m-2.d-1. So far, the theoretical estimates pertain to 
the lower costs while the actual pilots provide the higher costs of the spectrum range. 
However, these estimates and ‘actual’ costs are still far from being competitive with 
crude oil spot prices, considering that if a barrel of oil would be set at a price of $100 
then, microalgae biodiesel should be priced at no more than 30$/GJ5. Without the 
production of HVP, other analysis have estimated a cost of 254$/GJ at achievable 
production rates of 20 g.m-2.d-1 with 25% lipid content for open pond systems (Stephens 
et al., 2010). Current improvements in the technology for harvesting methods involve: 
wet routes for harvesting  (Xu et al., 2011),  using electromagnetic impulses to replace 
centrifugation (Pearsall et al., 2011), and/or bio-engineering quasi-steady state models to 
control microalgae growth (James and Boriah, 2010).  
 
5
 1 barrel of crude oil is equivalent to 6.119GJ (5.8mmBTU/bbl) average for low heating values. Peruvian gross heating content is 
equal to 5831BTU/bbl (EIA, 2013b). WTI - PADD 3 (gulf coast products) reported 26% diesel content and 42.5% gasoline content in a 
barrel of crude oil on average from 1994 to 2012. Then, the energy content for diesel and gasoline in one barrel of would be 1.59 GJ 
and 2.6 GJ, respectively. Although crude oil imports in 2012 accounted 44% of the Peruvian consumption, we will assume that the 
WTI barrel composition holds constant for all crude oil production for practical purposes due to the absence of Peruvian data. 
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These technologies are being developed to reduce the capital cost budget (almost 80- 
90% of the total operating costs) and to control open pond raceway parameters of growth 
(enabling design before construction also reduces capital costs and time). However, they 
are still being tested for scale-up production at the moment, therefore; the conversion 
path used in this analysis is centrifugation due mainly to the lack of information provided 
by vendors (Klein‐Marcuschamer et al., 2013). 
 
In this section, we present Peruvian natural conditions and resources for microalgae 
growth and we compare them to the maximum theoretical oil production (Weber et al., 
2008) to then, derive the Peruvian (local) theoretical maxima. In addition, we examine in 
detail recent cost analysis for scale-up production of microalgae bio-oil in open pond 
systems in order to meet this technology with Peruvian costs where available details 
were found. 
 
The inputs needed to be considered to evaluate the production costs of microalgae crops 
are: solar irradiation, natural climatic parameters for microalgae growth, land 
requirement, water requirement, CO2, nutrients such as nitrogen (N), phosphate (P) and 
micronutrients such as Iron (Fe), copper (Cu) and zinc (Zn) (Richmond, 2008).  
 
3.2.1.1. Microalgae Strains 
 
There exists an enormous variety of microalgae strains known, roughly 10,000 species 
(Demirbas, 2010). Their exponential growth and photosynthetic chemical reactions have 
been widely studied and will not be mentioned here. However, in Table 3.1 we have 
compiled 78 known microalgae strains and their gross biochemical compostion in order 
to highlight their lipid potential. In this study, we consider that is reasonable to achieve 
25% oil content from which it is possible to obtain 45-50% of a combination of fatty acid 
methyl esters (FAME) and triglycerides (TGA). Notice that the determination of the exact 
percentage of each component is still not very well known yet; although, their burning 
peaks occur at different conditions and is likely to affect the overall combustion efficiency. 
The production rate of dry biomass is also not very well established; however, there are 
still several tests being carried out at the moment and so far it is general concensus that 
this parameter is highly correlated to the harvesting method, as well as the structure 
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where the growth is controlled (open ponds, photobioreactors or hybrid structures). 
Another issue is that the results from laboratory tests differ widely from actual 
experimental pilots. Therefore, our unit costs are presented in Gigajoules (GJ) while 
considering, as much as possible, realistic efficiency percentages towards a conservative 
output. 
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Table 3.1 (I) Algae strains and gross biochemical composition. (Adapted from Brennan and Owende in Lee, 2012; Mata, 2009 and 
Shelef and Soeder, 1980). 
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Table 3.1 (II) continued.  
 
The maximum lipid content in microalgae can exceed 80% by weight of dry biomass; but, 
it has been associated with low lipid content production (Campbell et al., 2009). 
However, the relationship between both variables is not clearly stated at the moment. 
Figure 3.2 shows a scatter plot between % lipid and lipid production. 
 
 
 
Figure 3.2. Scatter between the percentage of lipids obtain from microalgae and lipid production yields. Each par (x,y) is depicted with 
the experimental values presented in Table 3.1 and it represents a different strain of microalgae. The highest value for production is 
attained to Chlorella protothecoides although with only 14% lipid content. 
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In Peru it is possible to find experimental studies about Scenedesmus obliquus, 
Chaetoceros calcitrans, Dunaliella tertiolecta and Nannochloropsis sp. carried out in the 
northern area of the coast (Trujillo and Piura). The experimental results can be found in 
table 3.2. 
 
Table 3.2. Algae strains tested until 2012 in Peru. (Data sourced from Castillo et. al. 1980 and Salazar, 2012). Nannochloris sp. can 
also grow in saline water, however table 3.2. represents real experiments. 
 
 
Although there exists few experiments reported so far, it is possible to find a wide variety 
of microalgae along the coast of Peru due to the occurrence of the Oceanic Humboldt 
current (Hutchins et al., 2002). Also, at the time of this study, other strains were being 
tested at laboratories in the Marine Institute of Peru (IMARPE).  
 
To summarize, the desired properties of microalgae as source of since cell lipids are 
depicted in Figure 3.3. 
 
 
Figure 3.3. Ideal Microalgae for Biofuel production. (Lee 2012, sourced from Wijffels and Barbosa, 2010) see for details. 
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It is important to mention that any ideal autotrophic microalgae will show good tolerance 
to high and low levels of solar irradiance (light intensity) and resistance to climatic 
variations (Becker and Venkataraman, 1980) in order to continue its process of 
photosynthesis to convert sunlight into chemical energy. Each algae strain reacts 
differently to light saturation during a day cycle (different reactions to wavelength peaks 
in the range of 400 – 700mm, with higher efficiencies at the extremes) and some may 
show photosynthesis inhibition even if the water temperature is suitable (Richmond, 
1986). Therefore, any ideal microalgae will continue the process of photosynthesis at 
high/low levels of solar irradiance while maintaining low levels of photoinhibition; since, 
both processes take place simultaneously during the microalgae life. Figure 3.4 shows 
the results of a light saturation experiment in a population of diatoms collected off the 
coast of Peru in 1977 (Chaetoceros, Asterionella, Schroderella) and Figure 3.5 shows 
the results in a colony of Mesodinium rubrum. From these experiments it is possible to 
see clearly two different microalgae reactions to light saturation (Platt et al., 1980).  
 
 
Figure 3.4. Shows the photosynthesis assimilation number 
(y-axis) as a function of solar irradiation levels (x-axis) for 
a population of diatoms collected in 1977 (Platt et. al, 
1980). 
 
 
Figure 3.5. Same idea of figure 3a but in a population of 
Mesodinium rubrum collected in 1977 (Platt et. al, 1980). 
 
3.2.1.2. Climate conditions  
 
In table 3.3 we present a comparison between a general maximum theoretical case, a best 
general case and the Peruvian assessment. The data was gathered from different studies 
(Weyer et al., 2010, Rosello et al. 2007, Mata et al. 2010). In order to obtain the Peruvian 
biomass growth rate and annual bio-oil production, we combined term 1 to 9 and from 1 to 
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11 from table 3.3; respectively, following the same methodology described by Weyer et. al. 
(2010). All values reported here are theoretical values; therefore, for the cost estimation 
we will impose other factors to account for transformation losses in industrial processes. 
 
Table 3.3. Maximum, best case and minimum theoretical biological conditions for microalgae growth compared with Peruvian data. 
(Sourced from Weyer et.al, 2010;  Rosello et. al, 2007; Mata et al., 2010). 
 
 
 
The energy content of microalgae was set here at 21.9 MJ.kg-1 which represents the 
average during the growth of the culture (Weyer et al., 2010); however, it is well known 
that the maximum energy content of biomass could reach to 41 MJ.kg-1 (Rakopoulos et al., 
2006). 
 
A theoretical curve for lipid production vs. latitude for production, is depicted in Figure 3.6. 
Although climate is also an important factor that determines productivity (not only latitude), 
it gives a theoretical maximum scenario for the highest yields that could be feasible. 
According to the results, in Peru it would be possible to obtain 200,000 – 450,000 L.ha-1.yr-
1
 at 30% - 70% lipid contents. However, considering 10% factor for biomass loss and 50% 
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- 70% factor for FAME production / efficiency extraction, the yields become more 
reasonable at 91,000 – 212,000 L.ha-1.yr-1 at 30% - 70% as theoretical maximum. For the 
cost-analysis, we will consider a maximum oil production of 4,500 L.ha-1.year-1 as feasible 
yield with current technology. 
 
 
Figure 3.6. Theoretical maximum production of bio-oil for biodiesel production. (Sourced from Weyer et. al. 2010). 
 
3.2.1.3. Land requirement 
 
Total land area in Peru is 129’660,500 ha out of which 4.4% is marginal land (5’702,900 
Ha) (Milbrandt and Overend, 2009). The distribution across the country can be seen in red 
spots in Figure 3.7. The major concentration of marginal land is located in the region of 
Piura (northern part of the coast) with roughly 785,400 ± 30% ha. This region is suitable for 
microalgae growth due to the mild climate and temperatures that reduce seasonality 
effects, with an annual average of 24°C throughout the year, and a maximum-minimum 
temperature range of 35°C - 18°C. Solar irradiation  is also suitable with a maximum of 250 
W/m2 (NASA, 2013). Another parameter useful to reduce constructions costs, is the 
selection of marginal lands with no more than 1% slope (Benemann et. al., 1982 in Davis 
et al., 2012). 
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Figure 3.7. Assessment of marginal lands available in Peru. (Sourced from NREL, 2009). 
 
In 1978, the Federal Republic of Germany carried out a microalgae research in Peru 
oriented to industrial production of Scenedesmus obliquus in freshwater open pond 
systems for human nutrition (Heussler et al., 1978). However, the project was abandoned 
because algae-enriched food did not meet nutrition standards. At that time, they 
determined the appropriate places for microalgae culture were Cayalti, Sausal, Ica and 
Majes as shown in Figure 3.8.  
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Figure 3.8. Google map with 4/5 areas (Cayalti, Sausal, Ica and Majes) in Peru studied in 1978. Each area has a detailed analysis of 
temperatures and sunshine hours per day. Maximum values are depicted in dotted lines (Adapted from Shelef and Soeder, 1980). The 
5th area; Madre de Dios, is a proposed place due to the recent availability of the Trans-oceanic highway. 
 
Along the southern coast (Majes, Arequipa) it is possible to find more constant irradiation 
levels throughout the all year-round at the same average than the north coast (250 W/m2); 
however, marginal lands are almost non-existent in that part of the country. Another 
possible option where it could be possible to access marginal areas for microalgae 
production with suitable climates and conditions is Madre de Dios (near the jungle) and 
close to the Trans-oceanic highway that connects Brazil with the south part of Peru. 
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3.2.1.4. Water and nutrient requirements 
 
In 2009, Peruvian national water consumption was 1125 m3.y-1 per capita (Mekonnen and 
Hoekstra, 2011). For the growth of Scenedesmus obliquus the water requirement in Trujillo 
was found to be 22,000 m3 pa (Castillo et al., 1980).; thus, if we extrapolate this analysis 
for the region of Piura, the result would be roughly 26,4000 m3. According to the literature, 
the water footprint for microalgae is 3,276 kg of water for the production of 1kg of biodiesel 
without recycling which is roughly 82,500 m3.ha-1.y-1 (Yang et al., 2011). 
 
It is also important to take into account the amount of water that evaporates from open 
ponds during the year. In the Peruvian assessment we found that for an average annual 
temperature of 18°C (in Trujillo) the evaporation r ate is roughly 22,000 m3.ha-1.y-1 for daily 
loses up to 10 mm. (Castillo et al., 1980). Based on this, we will assume that the region of 
Piura has a rate of water evaporation of 29,500 m3 ha-1.y-1 on average. To improve these 
conditions it is possible to use marine strains, or recycle up to 80% of water and/or 
process water from air using atmospheric water vapour technology suitable for humidity 
conditions ≥ 50% (Wahlgren, 2001). This technology has a pilot that is producing 0.1m3 
per day of water at a production cost of $1,200 (EMWIS, 2013). However, the present 
cost-analysis considers that in addition to water requirement for production (primary 
water), an extra amount of water (secondary water) due to evaporation rates is necessary 
in order to be consistent with a conservative approach. Thus, we will consider a 69,200 
m3.ha-1.y-1 total for water footprint (average between 55,900 and 82,500) for any strain of 
microalgae, with the rest to be recycled. 
 
The nutrients requirement in open pond conditions are considered to be 1.83 Kg CO2 
(Chisti, 2007), 0.33kg of nitrogen and 0.71 Kg of phosphate to produce 1 kg of biodiesel 
(Yang et al., 2011). It has been proven in several past studies that higher concentrations of 
nitrogen (N) and phosphorus (P) increase microalgae daily growth, while the limitation of 
these components inhibits it, as stated in tests carried out in the culture of Dunaliella salina 
and  Phaeodactylum tricornutum (Huang et al., 2011). However, growth in sufficient 
nutrient media combined with controlled restriction of N contents have been found to 
increase lipid content and productivity in Nannochloropsis sp. strains  (Rodolfi et al., 2009). 
With these results it follows that it is not yet possible to generalize an optimal amount of 
nutrient to obtain high oil content and yield levels; therefore, this assessment does not take 
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into account possible savings from meal inhibition. On the other hand, we assume nutrient 
recycle to the maximum extent possible. 
 
Other important factors to control and achieve optimal microalgae growth are: the level of 
pH (which has to be maintained between 7 and 8), salinity controls, and contamination 
with other microorganisms, among the most important. These factors plus 15% of capital 
costs are included in the Peruvian estimates as indirect costs. 
3.2.1.5. Assumptions and unit costs comparison 
 
First, we present 4 unit cost analysis in Table 3.3 to obtain capital expenditure and fixed 
/variable operating costs for the use of Dunaliella salina strains in open ponds, available 
from the literature review, in order to develop sensibility to cost projections. The first three 
analyses are projections for developed countries (Australia and US), while the fourth 
analysis is an estimate for a developing country (India). Secondly, we extrapolate these 
results to estimate 2 unit-costs scenarios (without and with HVP) for the Peruvian case. 
These results will be used in the next chapter to obtain the weighted average cost of 
capital (WACC) and the levelised costs for different technologies deployment in 2012. We 
assume reasonable yields for oil production with technology available at present time; 
therefore, all costs are calculated for year 2012. Finally we comment on the results found 
in a PBR pilot plant carried out in Peru in 2012 (Salazar Pérez, 2012). 
 
The conversion losses that we assume to transform dry microalgae into biodiesel are 
depicted in Figure 3.9. Theoretically, with 50% lipid content and more efficient oil recovery 
from FAME to biodiesel (-15%) this conversion factor could reach roughly a maxima of 
19%. In this study, the total conversion factor is 7.88%. 
 
 
  
Figure 3.9. Conversion factors used in the p
 
In Table 3.4 we summarize the
base case scenarios (Stephens et al., 2010; Weissman and Goebel, 1980; Davis et. al., 
2011; and Becker and Venkataraman 
HVP. It is important to note
practically yet and in some cases
that the strain Dunaliella salina
assumption remains to be properly verified.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dry microalgae
Net microalgae
Bio-oil from microalgae
82 
resent study. (Adapted from Stephens et. al., 2010).
 assumptions and costs found in the literature review
in Shelef and Soeder, 1980) without production of 
 that all these are estimates that have not been tested 
 are theoretical best scenarios. We are also assuming 
 holds a high potential for the production 
  
FAME
Biodiesel
- 10% 
- 75% 
- 50% 
- 30% 
 
 
 for the 
HVP, although this 
 83 
 
Table 3.4. Summary of  assumptions and cost findings. Data sourced from Stephens et. al. 2010, Weissman and Goebel, 1980, Davis 
et. al. 2011 and Becker and Venkataraman in Shelef and Soeder, 1980.  
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Table 3.4 (II) continued.  
 
 
Total costs in Table 3.4(II) summarize different solutions, for continuous production and in 
some cases unrealistic yields (50% oil content and 30g.m-2.day-1). However, other more 
realistic studies in 2010 obtained total costs between 151$/GJ and 209$/GJ for a 100 ha 
and 400 ha plant, respectively (Lundquist et al., 2010). All these costs assume different 
scenario cases for water use (including wastewater) and nutrient recycling. 
 
The extrapolation of these results to the Peruvian case is presented in Table 3.5. It is 
important to highlight that for the HVP case we considered a maximum value of $600/kg 
achievable in foreign markets (Stephens et al., 2010) for the long run marginal cost 
(LRMC) in the following chapter. We are implicitly assuming that the construction costs 
included in the capital expenditure (Capex) will be similar to the costs in other developed 
countries. Although, if this condition does not hold true, we could consider that any savings 
that could be achieved due to construction in a developing country will match the 
additional costs incurred due to difficulties to start a business, get credit and country 
riskiness. In order to grasp a more detailed undersanding, business indicators for the ease 
of doing business in 2012 and its change through time from 2005 to 2011, are depicted in 
Figures 3.10. and 3.11, respectively (WB, 2013a). However, to achieve more accuracy in 
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these estimates, it would be useful to carry out a unit cost analysis using open pond 
system drawings with Peruvian real costs. This would determine more accurately the 
budget for Capex in regard to the quantity and costs of local construction materials versus 
imported materials (FAO, 2010a), in order to avoid the risk of techno-economic aggressive 
approaches that could mislead potential investments (Klein‐Marcuschamer et al., 2013). In 
addition, the risk of investing in emerging technologies is very high due to environmental 
and behavioural uncertainties, such as the case of BioCentric Energy Holdings Inc (BEHL) 
from California, U.S. In 2008, BEHL announced 5 algae projects that were planned to 
occur over the next three years, one involving a co-op association with farmers to develop 
the production of biodiesel feedstock in Peru (Scotia Capital, 2009). However, in 2011 
after financial and legal litigation, the company was incorporated to Eco Waste Control and 
since then it does not show signs to continue with BEHL algae projects (Bloomberg, 2013). 
On the other hand; in 2010, a seaweed biotechnology project was being development in 
Peru by the company Peruvian Seaweed S.R.L., in cooperation with the IDB and the 
Peruvian government. The species Macrocystis spp. (also called brown seaweed or kelp) 
was engineered and grown in control conditions with the main purpose to assure mid long 
term availability of raw algae material without depending on natural biomass growth yields 
(FAO, 2010a).  
 
Finally, it should be noted that these estimates have an accuracy of ±35%, due primarily to 
a capital cost conservative approach and an initial imported supply of materials and 
nutrients. 
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Table 3.5. Results from the resource assessment for microalgae production in Peru. 
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Table 3.5 (II) Continued. 
 
 
As a side note, power costs have been considered apart from all biomass Variable 
maintenance and operating costs (VOM) in the next chapter in order to be able to estimate 
the costs of electricity that these plants use to operate. In the case of microalgae, the 
harvesting / centrifugation and pond management process can be very intensive, up to 
64% of the total own plant electricity use (Klein‐Marcuschamer et al., 2013). Finally, we 
suggest here the use of two-stage dewatering process because it would help to 
compensate the amount of CO2 released from the electricity intensive use and to account 
for optimal carbon sequestration in open pond systems (Harun et al., 2013), until we 
become able to surpass the harvesting method bottleneck. 
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Figure 3.10. It represents the World Bank indicators to measure Peruvian local business environment in relation with other 183 OECD 
and non-OECD economies. The rank of easy of doing business goes from 1 to 183, 1 being the easiest economy. (Sourced from WB, 
2013a). 
 
 
 
 
 
 
Figure 3.11. It represents the World Bank indicators to measure Peruvian local business environment change in time from 2005 to 2011. 
Zero represents the best world frontier, whereas 100 represents the worst. The orange square is Peru’s position in year 2005, while the 
blue line represents Peru’s position in 2011, showing significant improvements in almost every category (Sourced from WB, 2013a). 
 
In 2012, a PBR pilot plant (see Figure 3.12) tested the production of bio-oil from saline 
water Dunaliella tertiolecta in the region of Piura (Salazar Pérez, 2012). The results were 
far from being optimistic. Notice that the harvest costs are in this case 90% of the total 
capital costs and the microalgae growth density obtained was only 4% of the theoretical 
achievable (0.05/1-1.5 g.L-1) (Shen et al., 2009) whereas, the maximum could be 4 g/L-1 for 
this type of structure (Chisti, 2007). The principal milestones are presented in table 3.6. 
Nonetheless, we argue that near advances in technology for straight-forward bio-oil 
extraction using open ponds in complement with co-products and co-generation of 
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electricity have near future potential to make the option cost-viable. Also, considering the 
use of wastewater could lower the costs by 10% - 25%; however, this depends on the 
availability of the wastewater that would be able to meet the demand (Lundquist et al., 
2010). This experiment found; similarly to others, that is possible to recycle on a normal 
basis up to 90% of the solvents used for the bio-oil extraction. The most efficient extraction 
method used in that the experiment was a combination of hexane:isopropanol 1:4. 
 
 
Figure 3.12. Photo of PBR in pilot plant. Obtained from Salazar, 2012. 
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Table 3.6. Summary of pilot experiment in Peru. Sourced from Salazar, 2012. 
 
Finally, we found that there are discrepancies with respect to the most sensitive 
parameters involved in scale-up production. The order of importance of these parameters 
is depicted in each case in Table 3.7. 
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Table 3.7.  Summary of sensibility analysis to selected parameters. It goes from the most sensible parameter to the less in descending 
order from 1 to 7. Data sourced from Stephens et. al. 2010, Weissman and Goebel, 1980, Davis et. al. 2011 and Becker and 
Venkataraman in Shelef and Soeder, 1980. 
 
 
3.2.2. Jathropa  
 
Interest in Jatropha has fluctuated in the past 6 years. Companies such as BP, invested in 
this resource due to widespread publicity about the benefits of this plant: low input 
investment & costs for biodiesel production (low water input, ability to grow in arid lands, 
higher productivity rates than corn), high GHG emission reduction potential and its 
capability to avoid competition with food crops. However, interest at that time came without 
much knowledge about the optimum agricultural techniques suitable for this relatively 
unknown wild plant and the intensive labour inputs required for at least 3 to 5 years before 
it could yield significant quantities for large scale–up biodiesel production. The hype ended 
in 2008 (coinciding with the financial crisis that year) with BP’s decision to pull out of this 
business (Sanderson, 2009). After this, the research has continued with the help of 
NGO’s, FAO and UN agencies in developing countries as a potential platform for local 
energy generation and sustainable rural development. In Peru, most of the research is 
being carried out by the German Agency for International Cooperation or Deutsch 
Gesellschaft für Technische Zusammenarbeit (GiZ), the Deutsche Entwicklungsdienst 
(DED), the National Institute of Agricultural Innovation (INIA) and the Netherlands 
Development Organisation or Stichting Nederlandse Vrijwilligers (SNV) (Khwaja, 2010). 
 
In this section, we consider Jatropha (also called piñón blanco) as a useful resource for 
promotion of local business efficiency and social inclusion in developing countries. We rely 
upon the operations and experiences in the Peruvian amazonian jungle, at the province of 
San Martin, where there exists a small portfolio of 10 different Jatropha projects (Veen, 
2011) in order to establish a small/medium-scale potential with current improvements in 
agricultural technology. In 2012, it was reported an average production of 375 L.d-1 from 
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20Ha (roughly 5,625 L.ha-1.y-1) (SNV, 2012b). And by 2013, these initiatives continue to 
grow with the expansion of local businesses and the support of GiZ, SVN and the Regional 
department of agriculture in San Martin (DRASAM) (Drasam, 2013). Meanwhile, worldwide 
there is also a renewed interest to use Jatropha as potential source of aviation biofuel 
production due to the achievement of $99 per barrel production costs in October 2012, 
13% less than the Brent crude benchmark at that time (BD, 2013). 
3.2.2.1. Genetic parameters 
 
The Ministry of Agriculture (MINAG) reported in 2011, the use of 4 genotypes of Jatropha 
seeds: Jatropha curcas L., Jatropha multifida L., Jatropha gossypifolia L. and Jatropha 
podagrica L, although there exists more than 170 species (SNV, 2012a). This follows the 
approach for selection of superior plants (plants with higher genetic gains) by using the 
combined selection method including hybrids. It also involves the optimization by 
combining the genetic variability of the population with the use of an adequate selection 
strategy (Paiva, 1992 and Costa et. al. 2000 cited in Bhering et al., 2013). The plant has 
venomous leafs and seeds (3 seeds can cause an adult death), however other non-toxic 
hybrids with the same yield and characteristics have been recently engineered (Nazir et 
al., 2013) to obtain edible kernel for animal meal, among other uses (Francis et al., 2013). 
Traditionally, Jatropha by-products have included glycerine for soap production and seed 
cake for electricity generation. Recently, natural chemical substances that could be used 
as insect repellent have been found (Apu et al., 2013) while, other pharmaceutical 
products (Reddy and Pamidimarri, 2010) have been re-discovered for a number of 
physiological disorders: anti-cancerous and paralysis (Mitchell and Breyer-Brandwijk, 
1962), contraceptive (List and Horhammer, 2008), and arthritis (Duke and Wain, 1991), 
among others. The energy content path for traditional jatropha products is presented in 
figure 3.13. (Eijck et al., 2010). The path to bio-oil extraction assumed here is the 
mechanical press extraction; however, other forms such as the aqueous with 
ultrasonication and solvent extraction could be also assessed (Nazir et al., 2013). 
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Figure 3.13. Energy content path for Jatropha. Adapted from Eijick et. al. (2010) and Veen (2011). Values have been reported for the 
Region of San Martin in the Amazonian jungle. The seed cake is also referred as kernel meal and Jatropha oil  reaches to high values of 
energy content such as 41MJ/kg (Parajuli, 2013) and 43 MJ/Kg. 
3.2.2.2. Climate conditions and land requirement 
 
According to Jongschaap et al. (2007) the best conditions for growing Jatropha 
corresponds to the geographic locations depicted in Figure 3.14. Peru is situated in the 
centre of the belt, where optimum dry biomass yields of around 6 tn.ha-1.y-1 have been 
reported during the 45- 50 life-years of the plant; however, we considered conservatively 
yields around 3-4 tn.ha-1.y-1 (Veen et.al., 2009 cited in Eijck et al., 2010).  
 
 
Figure 3.14. Jatropha curcas and palm oil areas for optimum growth. 
 
According to the Food and Agriculture Organization of the United Nations (FAO, 2010), the 
distribution of climate and land availability for jatropha cultivation within the context of 
agriculture conservation is as depicted in Figure 3.15. Land pH requirement is between 5.2 
and 7 (Veen, 2011). 
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Figure 3.15. Adapted from Khwaja, 2010. The BESF analysis for Peru, FAO (2010). 
 
Jatropha crops can be found in Lambayeque, Ica, and San Martin (Schweizer, 2009). An 
estimated total of 847 Ha of land has been reported to grow jatropha in 2011. Its 
distribution and fallow land short-run potential are presented in Table 3.8. It is important to 
highlight that savings in GHG emissions could have more impact when Jatropha is 
harvested in marginal lands of the coast (PUCP, 2010). 
 
 
 
 
 
 
 
 
 
 95 
 
Table 3.8. Current cultives and short-term potential of Jatropha cultives. (Own elaboration). 
 
 
The WB found in a case-study that smallholders may achieve significantly higher yields of 
jatropha than large operations (Khwaja, 2010). This, together with partnerships between 
smallholders and commercial producers (Eijck et al., 2010) could be a good cooperation 
business strategy for rural development. 
 
3.2.2.3. Water requirement 
 
The latest consensus regarding water footprint is 238 m3 per GJ of biodiesel considering 
different scenarios for availability of water and climatic conditions (Hoekstra et al., 2009). 
In the Peruvian coast region a detailed water assessment to confirm water availability for 
agricultural irrigation and human consumption would be required before considering its use 
for new bio-energy crops in order to avoid food-competition and reduce water footprint 
(Felix and Rosell, 2010). In the region of San Martin, crops are being grown relying on 
rainfall availability of 800 to 1,200mm pa and with the use of residual water (SNV, 2012a). 
Although, it is possible to use marine treated water for jatropha cultivations due to its 
tolerance without significant decrease in yield, to medium levels of water salinity (Dagar et 
al., 2006). Adequate land slope for irrigation is 15-20%, however land flooding is a 
condition that has to be avoided (Gimeno et al., 2012). 
 
3.2.2.4. Assumptions and unit cost analysis 
 
We acknowledge that for smallholders, the best practice is to mix jatropha cultures with 
other crops (cilantro, corn, peanut, cotton, beans) because it is roughly 3 times more 
profitable than working jatropha alone as a monoculture (SNV, 2011b). However, to 
remain conservative we consider monocultures and their average yield in 4 years to obtain 
the unit costs (see figure 3.16). It is important to note that jatropha’s seed productivity 
increases through time, if conditions are properly monitored.  
 96 
 
 
 
Figure 3.16. Productivity of jatropha seeds trough time. From year 1 to 5 productivity yields are the results from experimental pilots in 
the region of San Martin, Peru. From year 6, theoretical yields for optimistic scenarios are presented, although according to the FAO 
(2010) it is possible to yield a maximum productivity of 12 tn.ha-1.y-1.  Data sourced from INIA (2011), SNV (2011) and DRSAM (2011). 
 
The unit costs comparisons is depicted in Table 3.9. Similarly to all other crops, the costs 
are highly sensitive to biomass yield rates. 
 
Table 3.9. unit costs for jatropha production. 
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Table 3.9. II continued. 
 
 
The costs used in the second analysis (Case 9 – low productivity) correspond to the case 
of smallholder production (the most expensive production costs), although purely large-
scale commercial production could be roughly 16% lower, at 7.6 tn.ha-1y-1 yield (141$/GJ 
or 0.857$/l); while a combination of 60% commercial plus 40% smallholders could be 8.4% 
lower, at 4 tn.ha-1y-1 yield (153.6$/GJ or 0.93$/l). The comparison does not take into 
account the revenue of smallholders in order to compare only the costs (FAO, 2010b).  
 
Finally, according to Quintero et. al. (2012) the production of 18million litres of jatropha 
biodiesel could generate 101,466 jobs the first year and 16,366 over the next 30-40 years, 
confirming the potential efficient use of the resource for rural development and social 
inclusion. 
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3.2.3. Palm Oil 
 
Several studies have analysed the deforestation impact of palm oil crops in the Peruvian 
Amazon. A recent finding states that from 2000 to 2010 roughly 73% of the oil palm 
plantations (area > 50 ha) expanded into forested areas. Also, large-scale plantations 
would require to focus on high-yield production as well as incentives for agricultural 
expansion into cleared lands (Gutiérrez-Vélez et.al. 2011; Gutiérrez-Vélez and DeFries, 
2012) Having this in mind and the fact that Peru is not able to fulfil its local demand of oil 
and fats for human alimentation (Schweizer, 2009), the expansion or introduction of oil 
palm bio-energy crops needs to be considered on a basis of careful planning to avoid 
food-competition. As stated before, good practices involve co-production of oil for human 
consumption and bio-fuels, while working with smallholders. Generally, oil palms grow 
rapidly and their production rate is known to increase at a rate of 4.5% pa in Peru (Felix 
and Rosell, 2010).  
3.2.3.1. Genetic parameters 
 
There exists two types of oil palms crops in Peru: Elaeis Guineensis (African oil palm) and 
Elaeis Oleifera (American oil palm) (MINAG, 2010). Reported biomass yields after 5 years 
are 25 tn.ha-1.y-1 for large-scale plants, and 8 tn.ha-1.y-1 for smallholders and the expected 
average yield in the first years is 4 tn.ha-1.y-1. In addition, the oil content obtained is 
around 20-24% (Schweizer, 2009). Another characteristic is its extensive foliage once 
maturity is reached, which makes these crops incompatible with practices involving the 
use of mixed crops. The energy content of each component is shown in figure 3.17 (Ong 
et al., 2011). 
 
 
Figure 3.17. Shows the components of the oil palm fruit . Adapted from Ong et. a. (2011). 
 
Also, it is possible to obtain methyl esters from oil palm (Klass, 1998b) and hydrogen 
(Mohammed et al., 2011) among other recently discovered by-products. 
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3.2.3.2. Climate conditions and land requirement 
 
In 2010, oil palm operations involved the use of around 20,000 ha of land according to 
official data (Gutiérrez-Vélez and DeFries, 2012). The change in the distribution of the land 
is summarized from 1970 to 2010 in figure 3.18. 
 
Figure 3.18. In 2010, 98% of the oil palm plantations were located in the regions of San martin and Ucayali. Sourced from Gutiérrez-
Vélez et. al. (2011). 
 
This land is spatially depicted as shown in Figure 3.19. Interestingly, we can see that palm 
oil from forests are located closer to marginal lands, thus simplifying and reassuring the 
potential use of those lands for palm oil plantations (refer to Figure 3.7).  
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Figure 3.19. Registered oil palm operations in 2010. Adapted from Gutiérrez-Vélez et. al. (2011). 
 
Morever, in Figure 3.20 we present the total availability of land with agricultural 
conservation according to the FAO (2010), which includes not only marginal lands. 
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Figure 3.20. Adapted from Khwaja, 2010. The BESF analysis for Peru, FAO (2010). 
 
Potential marginal lands available for palm oil production are presented in Table 3.10 
(MINAG, 2010). 
 
Table 3.10. Summary of fallow lands available for oil palm production in 2010. Adapted from MINAG, 2010. 
 
 
The deforested areas in Loreto still require additionally infrastructure for access roads 
(Schweizer, 2009). 
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3.2.3.3. Water requirement 
 
The water requirement for oil palm is on average 987 m3/GJ biodiesel (Mekonnen and 
Hoekstra, 2010). The rainfall conditions for oil palm cultivation are similar to those needed 
for jatropha crops, while land optimum slope condition is 0 - 4%. It is also preferable to 
grow these plantations in well drained soils. 
3.2.3.4. Assumptions and unit cost analysis 
 
The experimental and theorical palm oil seed productivities are shown in figure 3.21. As 
previously stated, we consider average yield productivities of 4 tn.ha-1.y-1. 
 
 
 
Figure 3.21. Oil palm seed productivity trough time. From year 1 to 8 productivity yields are the results from experimental pilots in Peru. 
From year 9, theoretical yields for optimistic scenarios are presented, although according to the SNV (2009) it is possible to yield a 
maximum productivity of 25 tn.ha-1.y-1.  Data sourced from SNV (2009). 
 
The unit costs used in this analysis are depicted in table 3.11. Notice that these costs are 
more accurate because the production of biodiesel from medium and small-scale plants 
has already started since 2009, as reported in chapter 1 of this study in the Peruvian OEB. 
The spot price in the Peruvian market is set following the by the Indonesian FOB price and 
farmers usually are paid roughly 15% of it (SNV, 2009). 
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Table 3.11. Unit costs for oil palm production. 
 
 
The costs used in the second analysis (Case 6 – smallholders association) correspond to 
the case of smallholder production (similar to the jatropha analysis) extrapolated for 4 
tn.ha-1y-1 yield. For purely large-scale commercial production could be roughly 57% lower, 
at 25 tn.ha-1y-1 yield (28.3$/GJ or 0.1$/l) while a combination of 60% commercial plus 40% 
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smallholders could be 34% lower at 22 tn.ha-1y-1 yield (43.1$/GJ or 0.15$/l) according to 
FAO, 2010. 
 
According to Quintero et. al. (2012) the production of 49 million litres of palm biodiesel 
could potentially generate 7,534 jobs.  
 
The results presented here are regarded as very conservative, in order to consider the 
juncture where a new project is added, because plants with 25 to 13 tn.ha-1.y-1 dry 
biomass reported yields are currently operating in the region of San Martin (SNV, 2009). 
However, an expansion in those areas is not recommended due to environmental 
considerations (PUCP, 2010), unless studies on the impact of the use marginal land in the 
region are carried out. 
 
Finally, we comment that an alternative to palm oil, the Sacha Inchi plant from the 
Euphorbiaceae family, has also been studied as a potential biomass for biodiesel 
production due to its high oil contents, which accounts on average roughly to 47.5%. and it 
is also known for its high Omega 3 oil content (Krivankova et al., 2007). 
 
3.3. Biomass for biogasoline production 
 
Carbohydrates (saccharides or commonly called sugars) are the most abundant 
components in organic/inorganic systems and since their composition involves oxygen, 
carbons and hydrogen, they can be used as source for hydrocarbons production (the main 
component of fossil fuels). Carbohydrates can be found in glucose, fructose and cellulose 
as monosaccharides, disaccharides, polysaccharides or oligosaccharides depending on 
the configuration of chains in the biomass composition. The regular process to convert 
sugars into alcohols is via fermentation and distillation. In this study, two bio-products are 
assessed: biobutanol and ethanol. The first is a more efficient substitute than ethanol on 
account on the fact that car engines could run entirely with 100% biobutanol fuel without 
the need of upgrading or mechanism alterations. For comparison purposes, we consider in 
our study the lower heating value (LHV) for unleaded gasoline as 43.1MJ/Kg (Klass, 
1998a).   
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3.3.1. Microalgae biomass for biobutanol production 
 
Interest in the use of microalgae for the production of alcohols and alkanes such as 
acetone, butanol and ethanol, commonly called ABE products has existed since World 
War I (Kumar and Gayen, 2011). More recent, is the interest in the use of biobutanol (4-
carbon alcohol) as substitute for gasoline has been due to its high miscibility / low volatility 
properties, high energy contents with LHV of 36.1 MJ/Kg (Klass, 1998a) or 33.07 MJ/Kg 
(Laza and Bereczky, 2011) and density of 810 Kg.m-3 (Pfromm et al., 2010). In this study, 
we hold constant the resource assessment data obtained in section 3.2.1 except for the 
energy content and the conversion factors (to account for transformation losses) for 
applicability purposes. We stress some known key differences regarding the process and 
the microalgae requirements that suit for this case.  
3.3.1.1 Microalgae strains 
 
According to table 3.1 in section 3.2.1.1, the highest percentage (%) of carbohydrate 
content that could be produced by known microalgae strains would be 71%. We assume 
25% carbohydrate content as an achievable estimate, similar to the current threshold for 
biodiesel production. On the other hand, it is also possible to accumulate carbohydrates 
from microalgae excretions into the culture water solution, as studied in 1956 in a 
cultivation of Chlorella Ermesonii (Tolbert and Zill, 1956). In that study, it was found that 
the solution of microalgae cultures contained 10 to 100 times as much glycolate (also 
known as glycolic acid) as their own cells. In this case, pH conditions are somewhat 
different than in section 3.2.1 because the growth medium has to be maintained above 
4.5. Moreover, nutrients such as, bicarbonate (HCO3-) were likely to be responsible for 
glycolate excretion into the culture solution. The age of microalgae also was found to 
impact in production rates, 1 day-old microalgae exhibited the highest rate of production in 
contrast to 3 day-old microalgae. Also, above 5.5 pH concentrations, fixed carbon and 
excreted glycolate remained roughly constant. Another interesting feature is that it is 
possible to obtain high levels of sucrose (70%) at low pH levels around 2.5 (Tolbert and 
Zill, 1956). Current uses for glycolate involve skin care and pharmaceutical co-products. 
This creates other opportunities in addition to methane gas production in order to reduce 
scale-up production costs of biobutanol with by-products.  
 
Another case case about Chlorella pyrenoidosa in Russia also found that the excreted 
polysaccharides (saccharose, glucose and fructose) in the extracellular media content 
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were around 5 - 17% of that inside the microalgae cell (Maksimova et al., 2004). In a US 
study it was found that Botryococcus braunii can produce hydrocarbons at 40% or higher 
of its total lipids, Cyclotella cryptica yield was 67% carbohydrate content, Chlamydomonas 
sp. yield was 59% carbohydrate content and Dunaliella salina yield was 55.5% of 
carbohydrate contents (Feinberg, 1984). However, there exists little research about the 
cost estimates of the use of microalgae for biobutanol production (Ellis et al., 2012) while it 
is very likely that microalgae strains produce naturally more carbohydrates than lipids at 
high productivity rates (Weissman and Benemann, 1981 in Lundquist et al., 2010). Another 
experiment in Nannochloropsis sp. found that attainable biomass concentration was 0.57  
g.L-1, with a concentration of 37.6% carbohydrates (Rebolloso-Fuentes et al., 2001). 
These results would appear to be potentially promising with regard to growth rates and 
carbohydrate contents. 
 
Once we obtain the saccharides from microalgae, the process of fermentation to produce 
butanol with bacteria inoculation begins. The most studied bacteria for the generation of 
ABE products has been Clostridium and more specifically, Clostridium acetobutylicum 
(Lakaniemi et al., 2012), Clostridum saccharoperbutylacetonicum (Ellis et al., 2012) and 
Clostridium beijerinckii (Wu et al., 2008). The second specie has been found to yield 0.081 
g.L-1h-1 when treated with enzymes, a higher yield than with 1% glucose.  
 
If we manage to optimize the rate of carbohydrate cell excretion into the media content 
without time lag production, the extraction process would be more efficient than in the case 
of biodiesel production. However, we must add to the estimate costs the bacteria 
inoculation for butanol production. Efficient low-costs fermentation methods have been 
developed with patents for 4-carbon (4C) alcohols (Dupont, 2007) and 5C / 6C alcohols 
without using costly enzymes (Cobalttech, 2013).  However, the major hurdle of biobutanol 
production costs is the distillation process which must be carried out with less 
energy/water-intensive methods while achieving high tolerance of bacteria to butanol 
excretion (Dürre, 2008). Another option to enable scale-up production is to find alkenes 
chains that could be insoluble in water to avoid bacteria intoxication while simplifying the 
separation process. A strain selection improvement was found using yeast cultures and 
Escherichia coli (E. coli) which are naturally and genetically superior to bacteria in regard 
to resistance to butanol; however, there are still challenges to engineer their genes and 
metabolism (Peralta-Yahya et al., 2012). In addition, less energy-intensive process such 
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as butanol adsorption with silicalite and regeneration by heat treatment instead of 
distillation is also another option that could be investigated for scaling-up (Meagher, 1998). 
 
 
Finally, out of this scope is the recent use of cyanobacteria (or diatoms) such as 
Treponema denticola to synthesize 1-butanol directly from CO2 via Calvin cycle (natural 
light- independent reactions). This technology, reports maximum theoretical butanol yields 
of 160 tn. ha-1.y-1 and does not involve large-scale biomass production (Lan and Liao, 
2011). Although, microorganism tolerance to n-butanol concentrations is currently around 
1.5% and can be extended to 2.5% with organism metabolic engineering, it is still a 
challenge that microbes, cyanobacteria or phytoplancton reach tolerances of around 7.3% 
to n-butanol concentrations, which is the required concentration for natural butanol 
precipitation in water solution via gravity at 25°C  (Budavari et al., 1989). Genetic 
improvements also involve bacteria spread controls to avoid infestation. Other options 
include the engineering of the microorganism Ralstonia eutropha which already contains 
the majority of genes required for isobutanol production (Brigham et al., 2013). 
 
3.3.1.2. Assumptions and unit costs comparison 
 
Suitable climate, land and water requirement for optimum microalgae growth in Peru hold 
constant and equal to the findings in section 3.2.1. Although the water and nutrient 
requirements would be different, we assume that their impacts are not likely to be high, 
according with previous discussed sensitivity analysis. 
 
The losses that we assume to convert dry microalgae into biobutanol are presented in Fig. 
3.22 and our efficiency is considered at 2.43% with present technology (6:3:1 butanol, 
acetone and ethanol ratio). The theoretical maximum could reach to 24.88% (Bevan, 
2011) However, we are considering additional losses similar to the process of biodiesel 
extraction and the maximum in this case would also be roughly 19%. This maximum 
corresponds to 60% efficiency from saccharides to butanol (Dupont, 2007) in addition to 
90% efficiency from butanol to biobutanol conversion. The conversion efficiency from 
butanol to biobutanol is slightly better than in the case of FAME to biodiesel. 
 
  
Figure 3.22. Conversion factors used in the pre
 
The general assumptions are 
growth rate as with biodiesel production but we take into account the current total 
conversion efficiency and we added the clostridium inoculation costs 
addition, we present the costs without extraction
would be extracted directly from the media content. 
practice are not highly significant, roughly 10% of the total costs
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dry microalgae
Net microalgae
Saccharides
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sent study. (Adapted from Bevan, 2011). Total efficiency 2.43%.
presented in table 3.22. We assume the same dry biomass 
 process, considering that the glucose 
It is clear that savings from the latter 
 per GJ.
Butanol 
Biobutanol
- 10% 
- 70% 
- 90% 
- 10% 
 
 
(Zhuang, 2004). In 
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Table 3.12. Cost estimate exercise with current technology and best case theoretical. Sourced from Ellis et.al. (2012), Bevan (2011), 
Rebolloso-Fuentes et. al. (2001) and Stephens et. al. (2010). 
 
As shown, unit costs involving the extraction of biobutanol are currently far too expensive 
at these levels of efficiency but these estimates are a very conservative proxy and need to 
be taken carefully due to is high uncertainty at this stage. However, cyanobacteria 
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technology claims to be able to produce biobutanol at less than US$ 1 per gallon or US$ 
0.3 per litre by eliminating the need of dry biomass processing (Phytonix, 2013). 
 
3.3.2. Sugarcane, bagasse and molasses for ethanol production 
 
In the 70s, sugarcane production yielded maximum rates of 180 - 200 tn.ha-1.y-1 in Peru, 
among the highest in the world (Milbrandt and Overend, 2008). However, after the land 
reform under the dictatorship of Velasco, the expropriation and separation of land 
generated a recoil in production processes that took more than 30 years to overcome 
(Schweizer, 2009). Even these days, implementation of agricultural technologies, 
certification and efficient irrigation methods to minimize production costs for smallholder 
associations remain to be a challenge for the government; although, some advances have 
been accomplished with the implementation of mixed business structures that incorporate 
smallholders into medium/large scale company operations (SNV, 2011a). Figures 3.23 and 
3.24 show the production path from 1999 to 2009. Until 2006, sugarcane was used for the 
production of sugar (80%) and pharmaceutical products (20%) (NREL, 2008). Sugarcane 
(with an average energy content of 19MJ/Kg) and Bagasse (average energy content of 
7MJ/Kg) started to be used for biofuel production in 2008 and, ethanol consumption 
followed the next year. 
 
 
Figure 3.23. Sugarcane production (Ton) from 1999 to 2009. 
Adapted from MINAG, 2013. 
 
Figure 3.24. Land required for sugarcane production from 
1999 to 2009. Adapted from MINAG, 2013. 
 
As previously stated, sugarcane is considered a food, pharmaceuthical and bio-energy 
crop however, its residual bagasse or by-product (also called lignocellulosic biomass) 
obtained after sugar extraction can also be fermented and distilled to obtain ethanol. In 
addition, the residual brown liquid (molasses), leaves and branches can be used to 
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produce electricity and heat. The general structure of biofuel production plants in Peru 
includes direct harvesting of sugarcane for ethanol production and own energy 
generation. However, the structure can also be dual, including the production of sugar, 
given the existence of competitive prices and neighbour demand (SNV, 2011a). Excess 
energy is sold to the national power grid. As an example of the first structure, we have 
the case of Maple Energy, where 80% of ethanol production (with an average 
production yield of 160 tn.ha-1.y-1) is sold at Mitsui FOB net back prices for EU markets 
consumption, while its stocks are traded in the London stock Exchange and new 
expansion of land is planned for 2013 (Nielsen, 2013). So far, domestic production of 
ethanol is entirely sourced from sugarcane, while domestic consumption is composed of 
exports and domestic production, see Figure 3.25. In this analysis we consider that 
ethanol energy content is  26.95 - 29.85 MJ/Kg (or 22.41 MJ/l on average) (U.S. Energy 
Department, 2012). 
 
 
Figure 3.25. Ethanol production and consumption from sugarcane in Peru. (Nolte, 2012). 
 
Although national sugar demand is almost 100% covered, a study on life cycle 
assessments (LCA) to examine the conversion of used lands have concluded that; in 
the case of Peru, roughly a 50% reduction of environmental impact is likely to occur 
from the use of sugarcane (100% ethanol fuel mix) when compared to the use of fossil 
fuels (PUCP, 2010). However, as stated before in Section 2.9 the overall impact of the 
current biogasoline mixes (E7.8%) is not significantly different than from the use of 
fossil fuels with respect to CO2e- emissions.  
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3.2.3.1. Genetic parameters 
 
Eighteen species of sugarcane (saccharum officinarum) are grown in Peru and their 
harvesting method is widely known. Among the fastest varieties are: H44 – 3098, H50 – 
7209, H52 – 4610, H55 – 8248. Average yields are depicted in Figure 3.26 (MINAG, 
2013). 
 
Figure 3.26. Historical sugarcane biomass yields in Peru from 1999 to 2009. Theoretical maximums were reached in the 70s 
(MINAG, 2013). However, Maple Energy reports average production of 160 tn.ha-1.y-1 in 2013. 
 
3.2.3.2. Climate conditions and land requirement 
 
In Figure 3.27 we present FAO results of the assessment of land and climate suitability 
for sugarcane production. Despite that the best locations would be found in the jungle 
(which we deliberately avoid in this study), current successful operations are located in 
coastal areas without detriment to yield production rates (PUCP, 2010).  
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Figure 3.27. Land availability for sugarcane with agricultural conservation. Adapted from Khwaja, 2010. The BESF analysis for 
Peru, FAO (2010). 
 
In addition, table 3.13. shows the spatial area available for sugarcane production 
considering capability of irrigation systems in year 2010 (Khwaja, 2010). Finally, pH 
land requirement is around 5.5 - 7.8. 
 
Table 3.13 . Total land available constrained by the capacity of irrigation systems. Data sourced from Khwaja, 2010. 
 
 
3.2.3.3. Water requirement 
 
The water requirement for sugarcane in Peru is on average 404 m3/GJ ethanol with the 
lower footprints located in the coastal region (Mekonnen and Hoekstra, 2010). It is 
preferable to grow these plantations in well drained soils and currently, medium/large 
scale plantations are using drip irrigation systems (using diffusion methods) to optimize 
the use of water. 
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3.2.3.4. Assumptions and unit cost analysis 
 
In this case we have used the production unit costs of a combination of 60% 
commercial plus 40% smallholders, see Table 3.14. 
 
Table 3.14 - I. Unit costs for sugarcane production. Adapted from FAO, 2010. 
 
 
 
We do not take into account co-generation as a potential source of revenue in futures 
trading for this technology in the unit costs evaluation due to little knowledge of market 
experiences. For example, in Brazil where the market for bagasse electricity co-
generation is well establish, and most of the industries are certified with Coal 
Combustion Residues (CCR’s) from Clean Development Mechanisms (CDM) projects, 
which adds another source of revenue to these industries. However; after market 
monitoring and evaluation, it was found that futures trading in co-generation has not 
evolved as an efficient market due to low CCR value (around $ 0.50), which is not 
sufficient to cover even the certification process costs. 
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Table 3.14 - II. Continued. 
 
 
Accuracy for sugarcane costs estimates is higher with ± 15% variation as this 
technology is already producing ethanol in Peru. 
 
3.3.3. Sweet sorghum 
 
The Sweet sorghum (Sorghum saccharatum) has higher dry biomass per year than 
sugarcane due to the fact that the growing period is only about one fifth of that of 
sugarcane (it takes only 3 months to reach harvest stage) and it is not considered a 
food-crop (Milbrandt and Overend, 2009). Sorghum productivity is on average 4.3 tn.ha-
1
.y-1 but it can reach maximum at 8 – 10 tn.ha-1.y-1; thus, its maximum dry biomass yield 
is roughly 260 tn.ha-1.y-1 (Ramírez, 2008). However, we will assume that it can yield 
18,200 L.ha-1.y-1 (slightly less than sugarcane) due to lesser knowledge and 
experiences for scale-up production.  
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Regarding climate and land requirements, sorghum needs temperatures around 26-
27°C, and regular precipitations of 600 – 750 mm pe r year. Soils with a pH between 5.5 
and 6.5 are preferable (Schweizer, 2009). It grows well in arid / semi-arid lands and like 
Jatropha, it can tolerate high levels of salinity but, its best performance is obtained in 
well drained soils and land slopes suitable to avoid flooding. The northern coast region 
of Peru is best suitable for this type of crops. In addition, the country average water 
footprint is 851 m3/GJ ethanol (Mekonnen and Hoekstra, 2011), roughly 2 times higher 
than from sugarcane. This is contradictory to other studies in which the water footprint 
of sorghum was found to be 1/3 of the sugarcane for harvesting (Schweizer, 2009); 
however, we provide here the water footprint for the entire production of ethanol. 
Finally, in relation to other potential uses of sorghum, it is possible to use it to feed 
microalgae as a more affordable option (Gao et al., 2010). 
 
The Capex for sorghum is set at 6.48 $/GJ, 35% above sugarcane, the FOM is set at 
5.76 $/GJ and the VOM at 1.87 $/GJ in 2012 prices. These prices are in accordance to 
the projected prices in 2008 of 400 – 800 $/ha (Ramírez, 2008). 
 
3.3.4. Other options for biodiesel production 
 
3.3.4.1. Fish oil 
 
Other options for biodiesel production that remain to be analysed in more detail involve 
the use of the by-product waste from fish production to extract fish oil. This oil is very 
rich in proteins (Omega 3) and it could become a complement product of fish 
processing and fish meal production in fishing ports. The path to obtain biodiesel from 
fish oil is presented in Figure 3.28. Joining all disperse residuals into one processing 
plant could be more than sufficient to run own machineries. The energy content in fish 
oil is 43.98MJ/Kg or 38MJ/l (Steigers, 2002).  
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Figure 3.28. Path to convert waste residual fish into biodiesel . sourced from Sathivel, 2008. Note that is possible to produce also 
biogas (Yahyaee et al., 2013). 
 
The available stock in 2005 was 290,000 tn.y-1 (Castro, 2007 cited in NREL, 2008) and 
the total efficiency of extraction is around 10%; roughly 11% of the weighted fish 
residuals is converted into oil, and almost 90% of oil fish is converted into biodiesel with 
a density of 867-869 Kg/m3 (Yahyaee et al., 2013). Therefore, the energy potential of 
the stock in 2005 was about 33 million litres of biodiesel (or 8.73 million gallons). 
Beyond the scope of this analysis, due to lack of information and time constraints, is the 
unit costs analysis. 
3.3.4.2. Lignocellulosic biomass (Stipa ichu)  
 
The use of switchgrass (Stipa Ichu) as lignocellulosic biomass for the production of 
biodiesel fuel is a common practice in EU and it is considered a second generation 
biofuel. Moreover, the most common used switchgrass is miscanthus, from the 
Poaceae family which has an energy content of 17.8 MJ/Kg (Smeets et al., 2009). 
Similarly, from the same family there is available in Peru the specie Stipa ichu 
(commonly referred as Peruvian feathergrass) which grows abundantly all year round in 
the highlands and the Andean Plateau. Its average yield is roughly 3 tn.ha-1.y-1 (Vera, 
2006). The potential to industrialize this grass to achieve higher yields in marginal lands 
(natural maximum yield 6 tn.ha-1.y-1) and its effective GHG emissions reduction remains 
to be studied for biofuel production. 
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Finally, other potential options for gasoline substitution were not assessed in this study. 
 
3.4. Transesterification, Fermentation and Fast Pyrolysis costs  
 
We provide here the additional cost proportions necessary to estimate the unit costs of 
the refinery process to move from dry biomass products to biodiesel or biogasoline via 
transesterification and fermentation, respectively plus upgrading. We also provide a 
cost proportion estimate for the use of fast pyrolysis plus upgrading as a replacement of 
any of the first two conversion technologies. The reason we provide proportions is due 
to the lack of specific costs for the variations that may occur due to the different nature 
of the plant configuration optimals for each biomass. As example, one plant 
configuration that has proved to be successful in Peru for sugarcane ethanol production 
is the Maple Etanol plant configuration which includes: Industrial facilities within the 
sugarcane plantation, one equipment that handles the fermentation, distillation and 
dehydration, a boiler, a steam, and a turbogeneration equipment for electricity 
cogeneration (MAPLE, 2012b). Lastly, all proportions are only added to Capex costs 
and VOM cost due to initial investment added value as well as the implications for 
variable operating and maintenance. 
 
For the microalgae transesterification costs we assume an additional 10% for biodiesel 
production (Klein‐Marcuschamer et al., 2013) also in accordance to other studies (Davis 
et al., 2011). For Palm oil and Jatropha we use similar estimates as for the rapeseed 
transesterification in situ, roughly 15% (Abo El-Enin et al., 2013). It is important to 
mention that other techniques to extract biodiesel for Jatropha, such as the mechanical 
degumming option are less expensive than transesterification, but those options are not 
assessed here (Carels, 2009). For sugarcane and sorghum we use an additional 10% 
for fermentation and upgrading (Klein‐Marcuschamer et al., 2013). 
                                                         
We check fast pyrolysis costs although they would be more expensive primarily due to 
the use of hydrogen (at least for pioneer plants), because this technology is more 
flexible to adapt to different configurations and plant sizes. Nonetheless, other options 
for pyrolysis such as the smokeless version would be more adequate to control GHG 
emissions and to reduce the required combustion for the conversion, but they are not 
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assessed here. We also consider an average between the cases where the plant would 
be able to produce its own hydrogen in situ or buy it from elsewhere. Therefore, the 
proportion to add is considered to be 35% for all cases (Wright et al., 2010). 
 
3.5. Comments on land limitations 
 
Limitations regarding the land availability must be assessed; there exists a sufficient 
area of fallow land available for Bbiofuel production, but not necessarily the required 
amount of area concentration at the same space or location. 
 
Regarding the sensitive matter of land acquisition, we have assumed in this study that 
is possible to buy the land; however, this may hold true to domestic companies not to 
international companies for matters of national sovereignty. A combination of domestic-
private investments could make possible to surpass this case where needed, since the 
lease contracts involve in some cases long periods of time from 20 to 50 years. (FAO, 
2012) 
 
3.6. Conclusions 
 
In Table 3.15 we present a summary of the most important parameters examined in this 
chapter in order to be able to appreciate the differences and similarities between 
selected natural resources available in Peru for biomass production. We have specified 
three different types of land yields because we wanted to show the land productivity not 
only regarding to the harvesting process but also with the context of the entire chain of 
biofuel production in gigajoules and litres. Although these last two accountings may 
vary due to the use of different processes involved in the chain, we provide the 
complementary analysis specific to this study. Moreover, we also found that the most 
straight-forward unit to report biofuel production is the litre per hectare-year. 
 
 
 
 
 
 120 
 
Table 3.15. Summary of the biomass production parameters found in this analysis. 
 
Finally, we stress that the use of water resources must be carefully planned and 
assessed in order to generate benefits for all the parties involved and the community or 
at least, to not alter negatively the potential area for biofuel production. Moreover, there 
exists information available to start with proper analysis (FAO, 2010b). Figure 3.29 
shows a robust proportion of the water availability in the Coast, Highlands and Jungle of 
Peru in year 2008 (Ramírez, 2008). 
 
 
Figure 3.29. Water availability in 2008 according to the three major regions in Peru. Adapted from Ramirez (2008). 
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CHAPTER 4: LEVELISED PRODUCTION COSTS AND SCENARIO CASES FOR THE 
SUPPLY CURVE OF BIOFUELS IN 2020 
 
In this chapter we calculate the levelised costs of biofuels (LCOB) per year from 2012 to 
2020 of the 8 emerging technologies discussed in the previous chapter, following the 
methodology explained in several other papers for electricity markets in order to find the 
demand-supply balance (Wagner and Foster, 2011; Simshauser and Wild 2009). Once 
we compute the levelised production costs or the ex-ante estimates, we combine them 
with the production constraints sourced from the resource assessment in Chapter 3 to 
obtain two general supply curves to meet diesel and gasoline moderate demands in 
2020. We provide also an optimal estimate portfolio mix of biofuels for the transport 
sector. Finally, we investigate possible changes in the supply curve for three different 
scenario cases of crude oil prices.  
 
The methodology adopted is generally explained as follows: (i) Fist, we need to adjust 
the consumer price index (CPI) to expected revenues and costs. (ii) Then, we derive 
the weighted average cost of capital (WACC). (iii) Thirdly, we obtain the levelised costs 
($/GJ) considering as if the technology “i” starts each year since 2012 to 2020. (iv) 
Next, we take the levelised costs in 2020 to construct the efficiency frontier to analyse 
the efficient mix of biofuels. Finally, we construct the supply curve for the assessed 
technologies in 2020 for three crude oil price scenario cases. 
 
The general model assumptions used in this study are:  
• The model represents a discrete static model of equilibrium. 
• The type of technology is denoted as i. 
• Time “t” is discrete: t= 1,2,…n. “n” corresponds to the economic life of biofuel 
technology i and t are cardinal numbers that correspond to years from 2012 to 
2020. 
• Model inputs: Physical inputs: installed capacity (GJ), capacity factor (%), heat 
rate (Kg/GJ), capacity degradation (%), fuel prices ($/GJ), installation costs 
($/GJ), fixed O$M ($.GJ-1.y-1) and variable O&M ($.GJ-1.y-1). Financial inputs: 
CPI (%), tax rates, debt (%), cost of debt (%), cost of equity (%), loan/debt term 
(years), book life (years) and WACC (%). 
 122 
 
• Model outputs: annual costs and total levelised costs ($.GJ-1.y-1 and $/GJ), fixed 
and variable. 
 
The model does not take into account any future revenues that might potentially be 
obtained in the carbon markets, from GHG emission savings (or CO2 capture). 
 
4.1. Financial assumptions: CPI and WACC 
 
In this section we explain the financial assumptions involving the CPI and WACC and 
then we move on to explain the levelised costs of substitute technologies for diesel and 
gasoline, separately. 
4.1.1. Adjusting the Consumer Price Index (CPI) 
 
The CPI varies depending on the side of the price, meaning that revenue and costs 
streams are differently affected by pass through rates of inflation (ρ). Therefore, for 
revenue streams ρR = 0.75 whereas for cost streams ρC = 1. Equations (6) and (7) 
represent the formulas used to adjust the CPI in time “t” (Wagner and Foster, 2011). 
 ?$(%)@ =  (A1 +  B C . D@)                                                (6) 
 ?$(%)E =  (A1 +  BC . DE)                                                (7) 
 
, where inflation is represented here as B. According to the Central Reserve Bank of 
Peru (CRBP), the national inflation target is set at 2 ± 1% monitored each month, 
maintained inside that interval for the last 3 years, and with a long –run average of 
roughly 4.3% since 1995 (CRBP, 2013). Moreover, it is still mainly governed by the 
regional trends of the capital, Lima (Winkelried and Gutierrez, 2012). Given all 
measures recently adopted by the MEF for a long term continuously economic 
sustainable growth, we assume in this study; an average inflation rate of 3.65% until 
2020 (or 0.0365 in the equations). This is 30% above the adjusted real inflation of 2.8% 
in December 2012 (Ernst & Young, 2013).  
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Setting a note aside, the pass through rate of inflation (ρR) assumed in this study 
attempts to calculate conservative (higher) levelised costs by considering a security 
factor of 0.75 for revenue streams, however given all the previous considerations; this 
parameter could take higher values, with a maximum of 1. 
 
4.1.2. Finding the WACC for Biofuels 
 
To obtain the WACC, we rely upon the theory of capital asset pricing models (CAPM) to 
project an estimate of the cost (or return) of equity for the biofuel market, considering 
that it is an emerging market. The CAPM we use assumes that capital markets are 
partially integrated meaning that, regional markets behave as if they were in transition 
to converge towards world integrated markets; however, it does not distinguish between 
segmented and integrated markets (locally or globally). The model also assumes that 
the investors hold a diversified world market portfolio and that the expected returns and 
risk are constant (Harvey, 1995). Thus, this widely known model includes the use of 
credit ratings, also called international prices of debt as a proxy to account for all the 
assumptions explained above (Wagner and Foster, 2011). Peru is internationally rated 
as a country with moderate debt credit risk, as follows: S&P and Fitch rates were BBB, 
while Moody’s rate was BAA2 in 2012 (Ernst & Young, 2013). 
 
The return on equity (Re) is calculated according to Equation (8): 
 FG =  FH + IG . JFK −  FHL +  FM                                              (8) 
Where: 
Rf = Risk free market observed rates or risk free RoR 
βe = Equity beta 
Rm = Market rate of return or market RoR 
Rc = Country risk (Peru) 
 
The graphic representation of the semi-dynamic equilibrium CAPM model used in this 
study is depicted in Figure 4.1. 
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Figure 4.1. Graphic representation of CAPM model used in this study. 
 
To calculate the nominal and real WACC after tax, we have used the same proxy as the 
used for the electricity market in Australia (Wagner and Foster, 2011). Equation (9) 
explains how to obtain the post-tax WACC nominal (WACCPTN) and equation (10) the 
post-tax WACC real (WACCPTR), that takes out the inflation effect.  
 
N??OP = QR . FG S A OTCA OT.( U)CV + WR . FX . (1 − YG)                    (9) 
 
N??O@ = SZ [\EE]^_AZE`aC V −  1                                    (10) 
 
All assumed values are presented in Table 4.1 and Table 4.2. 
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Table 4.1. Weigthed Average Cost of Capital (WACC) parameters. 
 
 
Table 4.2. Report on the last 12 months of US T bond-10 years to calculate the Rf. 
 
 
The effective tax rate (Te) applied to the WACC is a compounded average between 
taxes on profit (% of revenues) minus the interest payments (% of revenues) over the 
past 17 years (Te’ ) combined with the results for 2012. We have given more weight 
(70%) to recent values, because it corresponds to the latest policies adopted for the 
following years. 
 
The cost of debt (Rd) in this study was adopted from electricity companies; but, in a 
more detailed analysis, it could be obtained by an examination of the internal 
performance of companies in the recent Peruvian biofuel market and the share of debt 
(D) thatcould apply to 60% instead of 70%. This would lower the LCOB cost, although 
the total effect on LCOB would not be highly significant.  
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4.2. Levelised costs of biofuels (LCOB) 
 
We provide in this section the general formulas and functional plant characteristics for 
each technology (i), setting discrete variable sizes per technology in gigajoule (GJ) 
units. 
The levelised costs of biofuels (LCOB) per technology have been calculated using 
Equation (11). Any savings for GHG emissions was accounted as zero, while CO2 
emissions liability was not considered here due to a lack of consensus regarding direct 
and indirect land GHG emissions estimates of life cycle assessments (LCA) for each 
biofuel technology. 
 
.?b) = c ∑ d
^ea(f)Jghiaa]^jLfklfm Z EnoGpqej(f)Jghiaa]^jLf
r                               (11)                                         
 
  
Now, we proceed to explain each term in the equation: 
 
The enumerator term TOC(t)i is the Total cost in time “t” per technology “i” is associated 
with capital maintenance (CM(t)i), operations and maintenance (O&M) and fuel costs 
(Electricity(t)i) aren given by equation (12). 
 Yb?() = ?s() + b&s() +  ,&<%1*<*%u()                                    (12) 
 
The three components of TOC(t)i are explained as follows: 
 
• The first component, CM(t)i accounts for capital maintenance according to 
equation (13). It considers capital expenditure (Capexi) maintenance and 
accounts for yearly inspections to avoid production losses due to capacity 
degradation inside the O&M costs (ACIL Tasman 2009, ESSA 2008 cited in 
Wagner and Foster, 2011).  
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?s() =  Ev . EnoGp . E`(f)awHG                                      (13) 
Where: 
 
CFi is the capacity factor per technology “I”, assumed to be constant each year 
of operation (Amigun et al., 2008). (See table 4.3); 
 
Capexi is replaced by Capex(t)i when calculating how the LCOB changes through 
time depending on the year of deployment. The latter diminishes each year at a 
constant rate (Cri) to account for price depreciation and the effects of the learning 
curve in time (see Table 4.3). Because we do not have actual estimates for 
biofuels technologies, we assume here that more sophisticated technologies are 
prone to higher rates of capex depreciation, and; 
 
Lifei corresponds to the planned years of plant operation, also presented in Table 
4.3. The model also considers a moderate extension of the plant operations to 3 
- 2 years in this case, depending on the technology. 
 
Table 4.3. Parameters used to calculate CM(t)i 
 
 
• The second component, O&M(t)i  corresponds to the operations and maintenance 
costs as stated in equation (14), 
 b&s() = bs() + xbs()                               (14) 
Where: 
 
FOM(t)i or the fixed operations and maintenance costs are obtained with equation 
(15). They are the constant costs that plants incur on to remain operative 
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regardless of whether they produce the asset or not, in order to continue to be 
operative (Klein, 2009; cited in Wagner and Foster, 2011). In this analysis, labour 
and 2 -5% of capex for administrative or land maintenance fall into this category. 
The component sizei is presented in table 4.4 and it has been sourced from 
Chapter 3, holding as much as possible to the criteria of plant size optimization. 
 bs(Z) = bs() . +*y&. ?$()E                                 (15) 
 
Table 4.4. Plant sizes depending on the technology assumed. 
 
 
VOM(t)i or the variable operations and maintenance costs are obtained using 
equation (16). They are the variable costs that plants incur on to produce the 
asset. In our analysis, the inputs are composed of water consumption, nutrients 
(or media costs), additional biomass drying, equipment maintenance, and 
transportation of seeds in the case of crops. 
 xbs() = xb? . /b() . ?$()E                                       (16) 
 
This variable escalates from the first year (2012), the variable operation and 
maintenance cost (VOCi) with the use of the cost CPI stream in a similar manner 
to the FOM; however, it is also affected by the sent out energy (SO(t)i) because 
the amount of GJ produced as liquid fuel is the variable cost per year, where the 
costs of the inputs ($/GJ) are placed. The SO(t)i is given by equation (17); 
 /b() =  z{G.  Ev.  |}"~~~~                                       (17) 
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The number 7920 corresponds to the number of hours in one year period of 330 
operational days. Finally, the model assumes that the plants are expected to 
continue operations for to 2 years beyond their initial planned lifetime,. 
 
• The third component, Electricity(t)i accounts for the electricity that biofuel plants 
require as primary energy to run effectively, which is given by equation (18); 
 ,&<%1*<*%u() =  $F . /b() . ?() . ?$()E                            (18) 
Where: 
 
PRi is the plant requirement of electricity per technology, assumed constant each 
year and obtained with a ratio between the plant electricity requirement (MWh.ha-
1
.y-1) times the number of hectares (ha) of the plant, divided by the amount of 
biofuel produced (GJ.y-1) and; 
  
FC(t)i is the average national cost of electricity in $ per KWh (OSINERG, 2013b). 
In this case, we use actual prices in 2012 and 2013 combined with available 
forecasts to project marginal constant increase of prices until 2030. Afterwards, 
we assume electricity price stagnation due to the volatile nature of electricity 
prices (and other fluctuations that may occur). Also, the 2040 target policy for 
electricity generation in the form of the renewable electricity portfolio could 
achieve to maintain or reduce electricity prices (MEM, 2011b). Moreover, we 
assume that there are no additional costs to obtain electricity other than regular 
administrative solicitudes to access the National Power Grid (NPG). However, it 
may occur in some cases that the marginal land is located far from the NPG; 
thus, a High voltage tension line (HT) and/or a Medium voltage tension will add 
to Capex costs. For these cases a feasibility study must be carried out before to 
evaluate potential benefits or losses. Transport costs of biofuels to meet demand 
were not taken into account in this study, but it is another important factor to 
consider before choosing a possible plant location. In addition, plants could 
include the design of their own power plant (cogeneration) using biomass 
residuals, and even sell the potential excess electricity to the NPG, similar to 
current practices in a sugarcane bio-energy plants in Peru and Brazil (Maple, 
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2012a). Finally, our motivation to keep electricity as a parameter outside the 
VOM costs, is to be able to see at firsthand the magnitude of the electricity costs 
given that, technologies such as the microalgae, have an energy intensive cycle 
for dry biomass processing, almost 64% of the total electricity used in the plant 
(Klein‐Marcuschamer et al., 2013). Therefore it is implied that electricity costs 
must be controlled and reduced as much as possible, and this is not only energy 
efficient but also cost-efficient and environmentally-efficient. 
 
So far, all the parameters involved the costs in the enumerator of equation (11); 
however, we need to consider now the revenue streams SOR(t)i in the denominator (the 
revenue version of the sent out energy), in order to find the LCOBi. The SOR(t)i  is given 
by formula (19), 
 /bF() = /b() . ?$()@                                            (19) 
 
We let affect he revenue streams (SOR(t)i) with a factor determined by (1 - Auxi), see 
Table 4.5.
 
The parameter Auxi corresponds to the internal use of energy for normal 
plant operation, which in this case has been assumed higher for new technologies 
according to the higher risks that these involve and to the lack of real performance.  
 
Table 4.5. Internal use of energy (auxiliary energy). 
 
 
For the special cases of microalgae technology with HVP (for biodiesel and 
biogasoline), we have introduced the “possible” benefits that could be obtained by 
selling these products. In the case of biodiesel, as stated in chapter 3, the target price 
would be 600$/Kg, while in the case of biogasoline, the target price would be 
unattainable because it would have to be set at 800 $Kg which is well beyond the actual 
willingness to pay for these products.  
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Lastly, all parameters are computed using equation (11) at the beginning of this section. 
First, we present the parameters used for the calculation of the levelised costs without 
conversion technologies (or raw costs) for 2012 are presented in table 4.6. The 
evolution of LCOB without conversion technologies depending on the start year of 
deployment until 2020 is depicted in figure 4.2 for biodiesel and 4.3 for gasoline, 
respectively. Next, we present a summary of electricity costs percentages out of the 
total raw costs.  
 
Table 4.6.Summary of additional parameters used in this analysis without transesterification or fermentation costs for 2012. 
 
 
 
Figure 4.2. Biodiesel levelised raw costs depending of year of deployment for each technology. 
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Figure 4.3. Biogasoline levelised raw costs depending of year of deployment for each technology. 
 
Table 4.7. Percentage of electricity costs out of total raw costs for each technology without cogeneration. 
 
 
It is important to highlight that the electricity intensity and costs associated with the 
biofuel production require special attention. These must be reduced as much as 
possible; if not properly regulated through specific policy targets or with the promotion 
of co-generation otherwise, the production of biofuels could become non- 
environmentally sustainable. This is due to the fact that the electricity used in the biofuel 
production is currently mainly sourced from fossil fuels. Also, in the case where the 
fossil fuel prices are lower of more affordable, it could become difficult to promote co-
generation because this would require an increase in initial capex investment. 
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Therefore, we found in this study that electricity consumption should be accounted as a 
secondary hidden input for biofuel production. It is not wise to use unrestricted 
electricity to produce bio-matter; instead, it would be wiser to use electricity directly as 
transport fuel at least until the percentage of renewable sourced electricity becomes 
higher. Therefore, we would recommend the use of hybrid cars, with enhanced fast-
rechargeable batteries for the long-term. 
 
Secondly, the parameters to calculate the levelised costs including the 
transesterification or fermentation costs in 2012 are shown in Table 4.8. Figures 4.4 
and 4.5 depict the LCOB evolution for biodiesel and biogasoline for this case. 
 
 
Table 4.8. Summary of additional parameters used in this analysis with transesterification or fermentation costs for 2012. 
 
 
 
Figure 4.4. LCOB for Biodiesel depending of year of deployment with conversion costs. 
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Figure 4.5. LCOB Biogasoline levelised costs depending of year of deployment with conversion costs. 
 
Thirdly, the parameters to calculate the levelised costs using pyrolysis technology for 
conversion in 2012 are shown in table 4.9. Figures 4.6 and 4.7 depict the LCOB 
evolution for biodiesel and biogasoline for this case. 
 
 
Table 4.9.Summary of additional parameters used in this analysis pyrolisis costs for 2012. 
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Figure 4.6. LCOB for Biodiesel depending of year of deployment with conversion costs. 
 
 
 
Figure 4.7. LCOB Biogasoline levelised costs depending of year of deployment with conversion costs. 
 
Finally, we present in Tables 4.10 and 4.11 the LCOB results in 2012 and 2020 for the 
raw costs. It is possible to appreciate the limited impact that conventional conversion 
technologies (see Tables 4.12 and 4.13) have in the marginal cost and the negative 
effect on costs that pyrolysis (see Tables 4.14 and 4.15)  would imply in this specific 
case and for current technologies. 
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Table 4.10. Results for the raw LCOB per technology in year 2012. 
 
 
 
Table 4.11. Results for the raw LCOB per technology in year 2020. 
 
 
 
Table 4.12. Results for the LCOB with transesterification or fermentation per technology in year 2012. 
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Table 4.13. Results for the LCOB with transesterification or fermentation per technology in year 2020. 
 
 
 
 
Table 4.14. Results for the LCOB with pyrolisis per technology in year 2012. 
 
 
 
Table 4.15. Results for the LCOB with pyrolisis per technology in year 2020. 
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These results reflect the very well known importance of time for the consolidation of 
emerging technologies in order to surpass the innovation phase and to reach the cost-
efficient part of the learning curve. It is also important to remember that, as time passes, 
there are repeated new technology cycles to boost venturous investments in 
consolidated or parallel markets as attempts to perpetuate or induce motion on its 
dynamics. Figure 4.8 presents the innovation process within the maturity space for 
emerging markets (IRENA, 2013). 
 
 
Figure 4.8. Stages of the innovation process within the maturity space. Adapted from IRENA (2013). 
 
4.3. Methodology limitations 
 
This section presents the limitations that pertain to the methodology used in this study 
for the calculation of the levelised costs of biofuels (LCOB). 
 
4.3.1. Limitations to CAMP theory  
 
The CAMP theory limitations are very well known but it is important to keep in mind 
their magnitude in this study. These include among the most important, the following: 
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• It implies that there is a strong positive correlation between the Equity beta (β) 
and the capital asset return ($) when in fact before we would be able to accept 
this premise we should require a more detailed analysis to verify its applicability 
in the relatively narrow biofuel market in Peru. Geographic location and 
interactions with other markets may also influence in their behaviour in a 
significant manner. 
• It considers there is an already well diversified portfolio existing in the market 
that is analysed, which is not the case in the biofuel market. 
• It assumes that the behaviour is rational; however, venturous investments in 
emerging market are not necessarily motivated by rationality. 
• It assumes normally distributed variances or risk to the expected returns; in other 
words, it implies that the all expected returns in the same market are constant 
(risk free assets due to diversification), however this case may only apply to big 
companies that already possess a well diversified portfolio. To account for 
market volatility, a portfolio analysis could be helpful. 
 
Therefore, it is arguable whether this model should be considered as an ideal semi-
dynamic equilibrium model or an ideal static model. In this study, we consider this 
model as static because it does not allow for multiple opposite forces interaction to 
analyse the nature of an envelope of multiple behaviours in unrestrained spaces (as 
much as possible). However, it is a partial attempt to represent ideally its dynamic, 
through the introduction of one variable: the credit risk. This approach is very limited in 
the sense that one can model the financial dynamic behaviour of markets similarly with 
the use of many other variables from  which many other particular cases could be 
derived, nonetheless the functional structure (the use of linear representations with the 
imposition of normally distributions of errors) would be the same. Lastly, because it is 
the behaviour of market equilibrium what we are trying to model, it would be possible to 
adapt many other theories to it  (Cvitanie and Zapatero, 2004). 
4.3.2. Limitations to WACC 
 
Due to time constraints and limited information, the cost of debt (Rd) and the value 
imputation on credits (γ) used in this analysis corresponds with electricity retail company 
values. In addition and in general, the WACC calculation applies a standard effective 
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tax (Te) to all costs whether they are VOM, FOM or Capex, regardless of the differences 
that may exist in the actual market. For Peru, it could be more precise to examine this 
parameter for each cost due to the existence of the consumer selective tax (ISC) that 
assigns a different burden to products or services depending on its characteristics. 
 
4.3.3. Limitations to LCOB 
 
The LCOB model presented here does not take into account positive or negative 
externalities; however, it would be beneficial to incorporate them in order to quantify the 
social perspective and to reach as far as possible to full costs  (Roth and Ambs, 2004). 
Although, it is very difficult to reach to ‘full costs’, it could be still helpful to use 
externality costs combinations or scenarios to design better policy tools or mandates. 
Heuristic approaches in regard to externalities may be more suitable to measure social 
impacts with a more objective perspective and to avoid subjective manipulations as 
much as possible. A list of externalities that may be suitable in this case is presented 
below; some can be quantified in a more straight-forward manner, while others may be 
more open to case study discussions. 
 
• Jobs creation (employment) 
• Land use 
• GHG emissions savings 
• Natural resource subsidies or taxes 
• Infrastructure development (road infrastructure, power plants) 
• Indirect generation of other markets (trade of new products) 
• Transport & handling costs, storage costs 
• Increase in education 
• Transgenic crops used for biofuel production 
• Energy security measurement (price affordability) 
• Impacts of the use of water and/or electricity  
• Intensive use of nutrients that may cause additional pollution 
• Time and real benefits to farmers 
• Impacts on food consumption  
• Impacts on wildlife 
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CHAPTER 5: RESULTS DEMAND AND SUPPLY SCENARIOS 
 
In this chapter, we explain how we adopted similar methodologies to electricity markets 
(Berrie and Anari, 1986) in order to find a jointly supply-demand optimization and the 
equilibrium points of the marginal supply-demand curves for the 8 biofuel technologies 
with the use of forecasted crude oil spot prices until 2020. 
5.1. The price of fossil fuels scenarios  
 
We present in Tables 5.1, 5.2 and 5.3 the EIA projections for 3 different Brent crude oil 
scenario cases for spot prices: Low Oil price, Reference and High Oil price (EIA, 
2013a). However, due to the lack of WTI projections, we acknowledge that some 
variation may occur since Peruvian reference prices are determined by WTI prices. 
Moreover, these crude oil spot prices represent the willingness to pay (WTP) or crude 
oil threshold (also denoted as entry barrier) that biofuel production costs in Peru would 
have to surpass in order to become viable. The motivation to do this is that transport 
energy consumption, as stated in chapter 2, is price inelastic which means that it is not 
responsive to changes in prices. We can visualise these scenarios in Figure 5.1 up to 
2040. 
 
Table 5.1. Low Oil case of EIA Brent crude oil spot price projections to 2020. We extrapolated these projections to obtain the diesel 
and gasoline prices. Data adapted from EIAa,2013. 
 
 
 
 
 
 
 
 
 
 142 
 
Table 5.2. Reference case of EIA Brent crude oil spot price projections to 2020. We extrapolated these projections to obtain the 
diesel and gasoline prices. Data adapted from EIAa,2013. 
 
 
Table 5.3. High Oil case of EIA Brent crude oil spot price projections to 2020. We extrapolated these projections to obtain the diesel 
and gasoline prices. Data adapted from EIAa,2013. 
 
 
 
 
 
Figure 5.1. Brent crude oil prices from EIA Projections. Sourced from EIAa, 2013. 
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Finally, due to limitations with regard to the sources available to determine price 
forecasts of B100 to 2020, we were not able to present real Peruvian prices considering 
the price composition in section 2.9.  
 
5.2. The efficiency frontier for Biodiesel – the 3 scenarios  
 
Now, we proceed to present 3 scenario cases: Figure 5.2 for Low diesel spot prices, 5.3 
for Reference diesel spot prices, 5.4 for High diesel spot prices, in order to find the 
optimal mix for biodiesel in 2020 with the raw LCOB, similar to other electricity 
methodologies (Berrie, 1967). 
 
 
Figure 5.2. Biodiesel Efficiency frontier for the Low diesel spot prices scenario case. 
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Figure 5.3. Biodiesel Efficiency frontier for the Reference diesel spot prices scenario case. 
 
 
 
 
Figure 5.4. Biodiesel Efficiency frontier for the High diesel spot prices scenario case. 
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As we appreciate in the previous figures, the only case where we obtain an optimal mix 
is in the case of the high diesel spot price scenario case in Figure 5.4. In that case, the 
optimal combination from the economic point of view would be 30% diesel + 80% B100 
from Palm oil at these prices, however palm oil is considered a first generation biofuel 
(it compites with food-crops), therefore for long-term policies it is required to consider 
less controversial biomass, such as the lignocellulosic biomass or the microalgae. 
 
We also present in Figures 5.5, 5.6 and 5.7, the proxies for the LCOB of biodiesel 
depending on the year of technology deployment at 2012 prices in order to be able to 
see the technologies transition towards affordable costs.  
 
 
Figure 5.5. LCOB of biodiesel depending on the technology year of deployment, for the low spot diesel price scenario case. 
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Figure 5.6. LCOB of biodiesel depending on the technology year of deployment, for the reference spot diesel price scenario case. 
 
 
Figure 5.7. LCOB of biodiesel depending on the technology year of deployment, for the high spot diesel price scenario case. 
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5.3. The efficiency frontier for Biogasoline - the 3 scenarios  
 
Following the format of the previous section we present 3 scenario cases: Figure 5.5 for 
Low gasoline spot prices, 5.6 for Reference gasoline spot prices, 5.7 for High gasoline 
spot prices, in order to find the optimal mix of biogasoline in 2020 with raw LCOB. 
 
 
Figure 5.8. Biogasoline Efficiency frontier for the Low gasoline spot prices scenario case. 
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Figure 5.9. Biogasoline Efficiency frontier for the Reference gasoline spot prices scenario case. 
 
 
Figure 5.10. Biogasoline Efficiency frontier for the High gasoline spot prices scenario case. 
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For the gasoline case, the efficiency frontier does not appear to show us an optimal 
biogasoline mix; but, it does tell us that in all three gasoline spot price scenario cases 
that sugarcane and sorghum are more cost-effective options than gasoline. However, 
this represents a similar problem to that we have with palm oil, although at least for 
sugarcane it is considered a first generation biofuel. Nevertheless, the case of sorghum 
is more appealing because sorghum is considered a second generation biofuel and its 
costs are very close to those of the sugarcane option. Finally, is important to highlight 
that further mixes of ethanol are constrained due to the ‘blendwall’ limitation; meaning 
that, higher mixes are not possible without engine-upgrading. Therefore, this does not 
represent a long-term strategy and other options, such as, microalgae and/or 
cyanobateria would require further assessment once they become more suitable after 
R&D development allows for cost-viable technology. 
 
Similarly to the biodiesel scenario, we present in Figures 5.11, 5.12 and 5.13, the 
proxies for the LCOB of biogasoline depending on the year of technology deployment at 
2012 prices in order to be able to see the technologies transition towards affordable 
costs.  
 
 
Figure 5.11. LCOB of biogasoline depending on the technology year of deployment, for the low spot gasoline price scenario case. 
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Figure 5.12. LCOB of biogasoline depending on the technology year of deployment, for the reference spot gasoline price scenario 
case. 
 
 
Figure 5.13. LCOB of biogasoline depending on the technology year of deployment, for the high spot gasoline price scenario case. 
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5.4. Demand-supply for Biodiesel and Biogasoline static equilibria for 2020 
 
We present in this section the supply projections for 2020 in the form of price and 
quantity subjected to the demand constrain to obtain 196.52/62.89 PJ of diesel/gasoline 
that were previously forecasted in chapter 2 for the moderate scenario case of transport 
energy consumption. We investigate 9 different cases where we vary the National 
Mandate as presented in Table 5.4 depending on the three crude oil scenarios: low, 
moderate and high. Finally we comment on different possible optimization strategies. 
 
Table 5.4. Scenario cases for Biofuels Mandate. 
 
5.4.1. Demand- Supply Optimization 
 
First, we present the initial three scenarios for the reference case of the National Biofuel 
Mandate (BM) in Tables 5.5, 5.6, and 5.7, where the 2012 setting does not change for 
three diesel and gasoline spot price scenarios. The tables are followed by their 
respective visual representations depicted in Figures 5.14, 5.15, 5.16, 5.17, 5.18 and 
5.19. 
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Table 5.5. Biofuels Mandate RC for low diesel/gasoline spot prices. 
 
 
 
Figure 5.14. Biodiesel energy consumption for low diesel spot prices (RC). 
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Figure 5.15. Biogasoline energy consumption for low gasoline spot prices (RC). 
 
Table 5.6. Biofuels Mandate RC for moderate diesel/gasoline spot prices.
 
 
Figure 5.16. Biodiesel energy consumption for moderate diesel spot prices (RC). 
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Figure 5.17. Biogasoline energy consumption for moderate gasoline spot prices (RC). 
 
 
Table 5.7. Biofuels Mandate RC for high diesel/gasoline spot prices. 
 
 
Figure 5.18. Biodiesel energy consumption for high diesel spot prices (RC). 
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Figure 5.19. Biogasoline energy consumption for high gasoline spot prices (RC). 
 
Secondly, we present the following three scenarios for the 56% increase in the 
reference case of the National Biofuel Mandate (BM) in Tables 5.8, 5.9, and 5.10, 
where the RC increases in 56% for three diesel spot price scenarios. The tables are 
followed by its respective visual representations depicted in Figures 5.20, 5.21, 5.22, 
5.23, 5.24 and 5.25. 
 
Table 5.8. Biofuels Mandate 56% increase in RC for low diesel/gasoline spot prices. 
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Figure 5.20. Biodiesel energy consumption for low diesel spot prices (56% increase in RC). 
 
 
Figure 5.21. Biogasoline energy consumption for low gasoline spot prices (56% increase in RC). 
 
Table 5.9. Biofuels Mandate 56% increase in RC for moderate diesel/gasoline spot prices. 
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Figure 5.22. Biodiesel energy consumption for moderate diesel spot prices(56% increase in RC). 
 
 
Figure 5.23. Biogasoline energy consumption for moderate gasoline spot prices(56% increase in RC). 
 
 
 
Table 5.10. Biofuels Mandate 56% increase in RC for high diesel/gasoline spot prices. 
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Figure 5.24. Biodiesel energy consumption for high diesel spot prices (56% increase in RC). 
 
 
Figure 5.25. Biogasoline energy consumption for high gasoline spot prices (56% increase in RC). 
 
 
Thirdly, we present the following three scenarios for the 95% increase in the reference 
case of the National Biofuel Mandate (BM) in Tables 5.11, 5.12, and 5.13, where the 
RC increases in 95% for three diesel spot price scenarios. The tables are followed by 
their respective visual representations depicted in Figures 5.26, 5.27 and 5.28, 5.29, 
5.30, 5.31. 
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Table 5.11. Biofuels Mandate 95% increase in RC for low diesel/gasoline spot prices. 
 
 
 
Figure 5.26. Biodiesel energy consumption for low diesel spot prices (95% increase in RC). 
 
 
Figure 5.27. Biogasoline energy consumption for low gasoline spot prices (95% increase in RC). 
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Table 5.12. Biofuels Mandate 95% increase in RC for moderate diesel/gasoline spot prices. 
 
 
 
Figure 5.28. Biodiesel energy consumption for moderate diesel spot prices (95% increase in RC). 
 
 
Figure 5.29. Biogasoline energy consumption for moderate gasoline spot prices (95% increase in RC). 
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Table 5.13. Biofuels Mandate 95% increase in RC for high diesel/gasoline spot prices. 
 
 
 
Figure 5.30. Biodiesel energy consumption for high diesel spot prices (95% increase in RC). 
 
 
Figure 5.31. Biogasoline energy consumption for high gasoline spot prices (95% increase in RC). 
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5.5. Comments 
 
It is clear from the previous exercises that mandate biofuel mixes distort the optimal 
costs that biofuels could achieve in the case of biodiesel, and this is readily observed in 
the graphic representations with negative slopes, because an effective market would 
assign higher quantities of products to the lower costs. The case of biogasoline has 
further blendwall limitations as previously explained, which can also be observed in the 
previous figures. Overall, the most that is possible to achieve is a short-term limited 
maximization of the net benefit of biofuel consumption in the transport sector in order to 
maximize national welfare through the promotion of local biofuel production for 
domestic consumption and for export purposes. Finally, carbon permits do not add to 
much to the economic feasibility and atractiveness of these biofuels (Harun et al., 
2013). However, if we manage to supply cost-effective second or third generation crude 
oil 100% substitutes, we could be able to reallocate efficiently the mix proportions 
without economic constraints, leaving space for further long-term social and 
environmental considerations.  
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CHAPTER 6: CONCLUSIONS 
 
6.1. Current and future situation of transport demand in Peru 
 
The current situation relating to Biofuels in Peru requires further development in order 
to ensure a smooth transition from short-term strategies to long-term ones. The case of 
biodiesel would need to be further reinforced and additional options (second and third 
generation Biofuels) could be brought to the scenarios due to the fact that in the 
Peruvian case-study, diesel is the most intensive-used liquid fuel. There exist enough 
natural resources to promote domestic production with the use of transport investments. 
The case of biogasoline, also requires attention because of the nature of the ethanol 
blendwall effect that could lead to dead-end roads once it reaches full capacity. Overall, 
current policies need further long-term planning to avoid national emergency situations 
and to maintain the rates of economic growth.  
 
It is important to re-state that a transport energy system and more specifically in this 
case, long-term vision for biofuels, would require a combination of the following: 
 
• Accurate planning for the distribution of water resources, as Coast water 
resources are far more limited than highlands and jungle sources, 
• Reduction of the consumption of first generation biofuels towards avoiding them 
to move apart from food competition and other potentially negative social 
implications, 
• Inclusion of unrestricted cogeneration of electricity or tri-generation systems that 
include heat utilization. This may include the production of biogases (such as 
methane) (Collet et al., 2011) or even hydrogen to constrain and reduce as much 
as possible the energy-intensity footprint, 
• Promotion of inputs recycling, 
• Analysis of a set of LCA assessments with different scenarios, incorporating past 
experiences from other case-studies, 
• Consideration of future climate change impacts on production areas, 
• Precise definition of policies with specific targets or motivations, 
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• The implementation of monitoring systems to track the achievement of 
objectives, 
• Constant and continuous re-evaluation of objectives, among others. 
 
The conclusions of this assessment are summarized in Table 6.1. 
 
Table 6.1. Conclusions and suggestions from this study at present time. Dynamics of markets could change in the short-term. 
 
 
According to other projections, if the crude oil price was 25% lower on average, over 
the projection period, the world ethanol price would be on average 12% lower and the 
world biodiesel price would be 5% lower, on average. The biodiesel domestic 
consumption in Peru is expected to be 309 million litres (OECD-FAO, 2012). This is far 
less than the potential production that could be feasible in 2020 for the moderate 
scenario case of transport energy demand with moderate diesel spot prices and 
National Mandate reference case:  roughly 3,800 million litres. 
 
On the other hand it is expected that ethanol prices will increase by 75% from 2011 to 
2021 and its production will increase 5% pa (OECD-FAO, 2012); therefore, it is 
important to start searching for other cost-effective alternatives.   
 
Finally, the estimates and conclusions in this study welcome further potential accurate 
approaches and the results should be taken with caution and objectivity. 
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6.2. Improvements energy regulation and policy and future research  
 
Current Peruvian subsidies for Biodiesel (B100) consumption costs were roughly in total 
US$10 million in 2012 at an average subsidy of 0.059 $/l, and US$7.2 million for 
ethanol at an average subsidy of 0.078 $/l. Due to the projected increase in the costs of 
biodiesel and ethanol (OECD-FAO, 2012), this study found that the subsidy costs would 
be projected to increase 1.6% pa in the case of biodiesel and 2% pa for the ethanol 
case starting in 2015 until 2020, for the reference case crude oil scenario. Moreover, 
Peru has the potential to save US$ 3.8 million from biodiesel (Felix and Rosell, 2010) if 
we replace the projected exports of 5.6 million litres at 0.68$/l and US$86 million from 
103 million litres ethanol at 0.84$/l (OECD-FAO, 2012) in 2018. 
 
New investments would also have to develop efficient strategies to minimise transaction 
costs (ex-ante and ex-post costs), or the associated costs with carrying out a new 
exchange of services and/or goods in current or new environments (Hobbs, 1996), such 
as:  
• Costs of gathering information about the market and social environment: This 
information includes the costs of the entry barriers presented in Section 3.2.1.5. 
Some of the most important have already been compiled by the World Bank 
through their annual publication, Ease of Doing Business (Wang, 2003). It also 
includes the price discovery (or willingness to pay) for the introduction of new 
products. In relation to market integration, it may be also the case that due to the 
diverse Peruvian idiosyncrasy, the Law of One price may not hold in different 
regions (Wang, 2003). However, as previously mentioned, entry barriers have 
been reduced significantly since 2003 (WB, 2013a). 
• Negotiation costs: Involved in the exchange, such as additional haulage to 
confirm quality attributes. Identification of ‘thin’ markets, such as the rural market 
for small-scale farmers for strategy partnerships (Escobal, 2001). 
• Monitoring & enforcement costs: In order to secure minimum ASTM standards 
for biofuel production and to assure capacity of combustion. 
 
Other barriers to entry involve behavioural (e.g. adverse selection and moral hazard) 
and environmental uncertainties (the risks involved in the implementation of emerging 
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technologies) would require assessment in order to design optimal contracts for the 
biofuel producer-driven case, which is a capital-technology intensive industry.  
 
In addition, it is important to account the probability occurrence of external pressures in 
the form of scenarios for: a construction bubble, a credits/mortgage expansion, and the 
projected 20% increase in the Peruvian population by 2020 (from 28 in 2010 to 34 
millions in 2020) among others (Felix and Rosell, 2010). These scenarios could impact 
on the promotion of investments; nonetheless, foreseen impacts would be better 
managed. This study does not measure the scenario impacts on energy consumption or 
investment strategies for adaptation, this would also require further assessment.  
 
It is necessary to start planning long-term transitions in the transport energy sector to 
improve the national welfare with additional design of supply-demand policies. It would 
be also beneficial to reduce imports and/or to increase exports, which is a more urgent 
matter for biodiesel fuel. Another beneficial motivation would be to improve energy 
efficiency in the transport sector; this would also require further research in 
lignocelullosic biomass and animal fats for biodiesel and biogas production. Starting at 
the present with the introduction of electric hybrids cars would be more adequate to 
maintain or reduce the amount of GHG emissions for the long term up to 2020 and 
2035. Particularly, renewable technology for electricity generation needs to be matched 
with the use of electric cars and recent fast-charging batteries recent technologies; 
which, would also provide the potential to become cleaner options for the transport 
sector. Any improvements in transport energy use efficiency would also contribute to 
increases in the Gross National Income (GNI). 
 
Finally, if these investment opportunities are well administered they could become new 
win-win business opportunities not only for the promotion of the country’s development 
and contribute to the maintenance of the growth rates; but also in helping to facilitate 
developed countries in testing emerging technologies for GHG sequestration and 
abatement, while also contributing to their expansion needs for the export of goods and 
services with added value. If this is done with adequate extensive caution, it would be 
contributory to their venture towards less carbon intensive economies, a transition path 
that has become a matter of global significance.  
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